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(54) IMAGE DISPLAY DEVICE AND IMAGE DISPLAY METHOD 



(57) Provided are an image display apparatus and 
method capable of visually improving a sense of con- 
trast by adjusting contrast and a light source to have 
correlation. 

A characteristics detection part 11 detects MAX, 
MIN, and APL of an input signal. A control data gener- 
ation part 12 calculates Gain for amplifying a difference 
between MAX and MIN to a width of a dynamic range 
and Offset indicating the DC level to be shifted so that 



the input video signal amplified by Gain falls with in the 
output dynamic range of a DC level adjustment part 1 3B. 
A signal amplitude adjustment part 1 3A amplifies the in- 
put video signal with reference to APL and in accord- 
ance with Gain. The DC level adjustment part 1 3B shifts 
the DC level of the amplified input video signal in ac- 
cordance with a value of Offset. A light source control 
part 16 controls a light source 18 so that a visual bright- 
ness level on a screen is equal to a brightness level of 
the input video signal. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to image display apparatuses and image display methods and, more particularly, 
to an image display apparatus and method using a passive light modulation device and dynamically adjusting contrast 
and light source brightness according to an input video signal. Further, the image display apparatus and method of the 
present invention improve light-emitting efficiency of the light source at the time of dynamically adjusting intensity (light 
amounts) thereof according to the input signal. 

10 

BACKGROUND ART 

[0002] As well known, a large number of image display apparatuses are used as screen display apparatuses for a 
television receiver, computer, and the like. Among those, a passive light modulation type apparatus typified by a liquid 

15 crystal display apparatus, displays images on a passive light modulation part, which does not emit light by itself (liquid 
crystal panel, for example). Therefore, the screen of such apparatus look dim compared with display apparatuses of 
a light-emitting type such as CRTs. To cope with this, passive light modulation type image display apparatuses are 
generally provided with a iight source (backlight, for example) which emits light from the rear side of a passive light 
modulation part therein to increase visual brightness of display screen. Accordingly, brightness of the light source can 

20 be adjusted in addition to general contrast adjustment, thereby improving visibility of displayed images. 

[0003] The levels of contrast and light source are basically adjusted manually by a user and fixedly set. In the recent 
years, however, to make the images more visible, various methods have been suggested to achieve dynamic adjust- 
ment of contrast and intensity of a light source (hereinafter, referred to as light adjustment) according to an input video 
signal that varies with time. 

25 [0004] Such conventional methods for dynamically adjusting contrast and light source are exemplarily disclosed in 
Japanese Patent Laid-Open Publication Nos. 5-127608 and 8-201812 titled "liquid crystal display apparatus". In the 
conventional adjustment methods disclosed in these publications, a maximum brightness level (MAX) and a minimum 
brightness level (MIN) of an input video signal are detected. When a difference between the maximum brightness level 
and the minimum brightness level is large, contrast is reduced, and is increased when the difference is small. Further, 

30 jn the conventional adjustment methods, an average brightness level (APL) of the input video signal is detected. When 
the average brightness level is higher than a predetermined reference brightness level, brightness of the light source 
is reduced, and is increased when lower. As such, the conventional adjustment methods aim to always achieve constant 
display brightness. 

[0005] In the conventional adjustment methods disclosed in the above publications, however, contrast adjustment 
35 (i.e., signal amplitude control) and light source brightness adjustment are separately performed (that means there is 
no correlation between both adjustments). Accordingly, the above described conventional adjustment methods cannot 
provide sufficient effect in improvement of a sense of contrast. 

[0006] The light source is mainly implemented by a fluorescence lamp in view of light-emitting efficiency. General 
characteristics of the fluorescence lamp is now described by referring to FIG. 27 to FIG. 29. FIG. 27 is a diagram 

40 exemplarily showing a characteristic of a general fluorescence lamp, that is, a characteristic of lamp temperature to 
light emitting-efficiency. FIG. 28 is a diagram exemplarily showing a characteristic of lamp tube current to lamp tem- 
perature. Note that FIG. 28 shows a case where the fluorescence lamp is used as a back lamp, and shows a charac- 
teristic that the lamp temperature becomes 65°C at current i 0 . FIG. 29 is a diagram exemplarily showing a characteristic 
of lamp tube current to brightness. 

4 5 [0007] First, as shown in FIG. 27, for the general fluorescence lamp in use, there exists a temperature at which its 
light-emitting efficiency reaches maximum due to vapor pressure of mercury inside the lamp tube (in the drawing, 
65°C). Next, as shown in FIG. 28, the general fluorescence lamp, due to heat produced by itself, shows such a relation 
that the lamp temperature is in proportion to the lamp tube current. According to the characteristics shown in FIG. 27 
and FIG. 28, the efficiency of brightness adjustment (light-emitting efficiency) of the fluorescence lamp is resultantly 

50 declined in either case of the lamp tube current being larger or smaller than the current \q, as shown in FIG. 29. 

[0008] If taking this into consideration, the conventional adjustment methods as disclosed in the above publications 
are inevitably required to utilize a linear part of the characteristic shown in FIG. 29. This is because the methods aim 
to achieve constant visual brightness (display brightness) by adjusting the intensity of the light source based on the 
detected average brightness level. Accordingly, in the conventional adjustment methods, the light source cannot be 

55 efficiently used (that is, the maximum brightness cannot be obtained). 

[0009] Further, the life of the lamp used as the light source varies with lamp tube current and temperature. Therefore, 
in the conventional image display apparatuses that adjust the intensity of the light source brightness according to a 
video signal, such problem has been existed that, if the video signal is uneven in its characteristic, a lamp tube current 
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(drive current) of a large value flows in the tube for a long time, thereby shortening the lamp life. 
[001 0] Therefore, a first object of the present invention is to provide an image display apparatus and an image display 
method capable of visually improving a sense of contrast without increasing power consumption of a light source by 
carrying out contrast adjustment (signal amplitude control) and brightness adjustment of the light source to have cor- 
5 relation. 

[0011] A second object of the present invention is to provide an image display apparatus and an image display 
method capable of dynamically and optimally adjusting the intensity of the light source according to an input video 
signal by utilizing a range in the vicinity of a characteristic at which the light-emitting efficiency of the light source 
reaches maximum. 

10 [001 2] Further, a third object of the present invention is to provide an image display apparatus and an image display 
method capable of dynamically and optically adjusting the intensity of the light source according to an input video signal 
while securing the life of the light source required as a product. 



DISCLOSURE OF THE INVENTION 

15 

[0013] To achieve the objects above, the present invention has the following aspects. 

[0014] A first aspect of the present invention is directed to an image display apparatus and method for displaying a 
video signal to be inputted on a passive light modulation part including a iight source as an image. In the present image 
display apparatus and method, an amplitude of the video signal is dynamically adjusted to become a predetermined 

20 amplitude value. Then, brightness of the light source is adjusted according to amplitude adjustment so that the image 
displayed on the passive light modulation part based on the video signal after amplitude adjustment does not vary 
visually from a predetermined level. As such, according to the present image display apparatus and method, brightness 
adjustment of the light source is carried out to have correlation between amplitude adjustment, thereby not varying the 
visual average brightness level. Thereby, a sense of contrast can be visually improved without increasing average 

25 power consumption of the light source. 

[001 5] In the present invention, an average brightness level of each frame in the input video signal is preferably used 
as the predetermined level. In the following second and third aspects, disclosed are image display apparatuses and 
methods adjusting amplitude and brightness of the light source by using the average brightness level as the predeter- 
mined level. 

30 [0016] The second aspect of the present invention is directed to an image display apparatus and method for display- 
ing a video signal to be inputted on a passive light modulation part including a light source as an image. In the present 
image display apparatus and method, a maximum brightness level (MAX) , a minimum brightness level (MIN), and an 
average brightness level (APL) of the video signal are each detected. Then, based on these levels, generated are 
signal control data indicating an instruction for amplification and light source control data for making the light source 

35 light at intensity that an average brightness level of the image displayed on the passive light modulation part based on 
the video signal after amplification becomes equivalent to the APL. Further, in accordance with the generated signal 
control data, the maximum amplitude of the video signal (a difference between MAX and MIN) is amplified to a width 
of a dynamic range for output to the passive light modulation part. In accordance with the generated light source control 
data, brightness control of the light source is carried out. 

40 [001 7] Here, the signal control data and the light source control data are preferably generated in the following manner. 
That is to say, newly received APL is compared with APL of the previous processing so that a level difference there- 
between is determined. Then, control data in a range between that calculated in the previous processing and that 
calculated based on MAX and MIN of this time is adopted in a variable manner according to a variation of the level 
difference from the minimum value to the maximum value. Alternatively, it is determined whether a level difference 

4 5 between MAX and MIN is smaller than a predetermined value. If determined that the level difference is smaller than 
the predetermined value, control data in a range between that for a value without amplitude adjustment and light source 
brightness adjustment and that calculated based on MAX and MIN is adopted in a variable manner according to a 
variation of the level difference from the minimum value to the predetermined value. Accordingly, in the present image 
display apparatus and method, a sense of contrast is visually improved approriately even for the video signal varied 

50 in type and mode, and in addition, although the effect of improvement in image quality is more or less reduced on each 
image basis, visual inappropriateness caused by excessive control is suppressed and sequence of images is displayed 
smoothly. 

[001 8] The third aspect of the present invention is directed to an image display apparatus and method for displaying 
a video signal to be inputted on a passive light modulation part including a light source as an image. In the present 
55 image display apparatus and method, MAX, MIN, and APL of the video signal are each detected. Then, based on these 
levels, calculated are a gain for amplifying the maximum amplitude of the video signal (a difference between MAX and 
MIN) to a width of an output dynamic range that is acceptable at the passive light modulation part and an offset indicating 
an amount for shifting a DC level so that the video signal after amplification falls within the output dynamic range. 
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Further, the video signal is amplified with reference to APL and in accordance with the calculated gain. Still further, the 
DC level of the video signal after amplification is shifted in accordance with a value of the offset for output to the passive 
light modulation part. Then, light source brightness control is carried out in accordance with the offset for making the 
light source light at intensity that an average brightness level of the image displayed on the passive light modulation 
part based on the video signal after amplification becomes equivalent to APL. 

[0019] Herein, when the video signal is previously subjected to gamma correction processing, the following process 
is carried out. That is to say, the video signal to be outputted to the passive light modulation part is subjected to reverse 
gamma correction processing that compensates the gamma correction processing applied thereto, and outputted to 
the passive light modulation part. On the other hand, the offset is subjected to the reverse gamma correction processing 
which is identical to that described above, and used for light source brightness control. Accordingly, in the present 
image display apparatus and method, a sense of contrast can be visually improved appropriately even with respect to 
the video signal previously subjected to the gamma correction processing. 

[0020] As described, in the first to the third aspects, desclosed are the image display apparatuses and methods 
carrying out contrast adjustment and light source brightness adjustment for the system displaying a single screen. 
Next, in a fourth aspect, disclosed are an image display apparatus and method carrying out contrast adjustment and 
light source brightness adjustment for a system displaying two screens on one passive light modulation part. 
[0021] The fourth aspect of the present invention is directed to an image display apparatus and method displaying 
two video signals to be inputted at a time on a passive light modulation part including a light source as images. In the 
present image display apparatus and method, MAX, MIN, and APL of any one of the video signals being a target for 
adjustment (main video signal) are each detected. Then, based on these levels, generated are signal control data 
indicating an instruction for amplification and light source control data for making the light source light at intensity that 
an average brightness level of the image displayed on the passive light modulation part based on the video signal after 
amplification becomes equivalent to APL. Further, the maximum amplitude of the main video signal (a difference be- 
tween MAX and MIN) is amplified to a width of a dynamic range in accordance with the generated signal control data. 
The brightness of the light source is controlled in accordance with the generated light source control data. Still further, 
an amplitude of any one of the video signals other than the target for adjustment (sub-video signal) is amplified or 
attenuated according to the light source control data so that the effect of light source brightness adjustment applied to 
the main video signal is canceled for the sub-video signal. Then, the main video signal after amplification and the sub- 
video signal after amplification or attenuation is selectively switched in accordance with a timing of a switch signal 
supplied externally for output to the passive light modulation part. As such, in the present image display apparatus and 
method, contrast adjustment and light source brightness adjustment are carried out with respect to the main video 
signal, and correction canceling the effect of the light source brightness adjustment is carried out with respect to the 
sub-video signal. Thereby, a sense of contrast can be visually improved, appropriately and naturally for both screens 
in the system displaying two screens at the time. 

[0022] As described, in the first to the fourth aspects, disclosed are the image display apparatuses and methods 
visually improving a sense of contrast without increasing power consumption of a light source by carrying out amplitude 
adjustment and brightness adjustment of the light source to have correlation. Next, in the following fifth to seventh 
aspects, disclosed are image display apparatuses and methods for dynamically and optimally adjusting the intensity 
of the light source according to an input video signal by utilizing a range in the vicinity of a characteristic at which the 
light-emitting efficiency of the light source reaches maximum. 

[0023] The fifth aspect of the present invention is directed to an image display apparatus and method for displaying 
a video signal to be inputted on a passive light modulation part including a light source as an image. In the present 
image display apparatus and method, characteristic data corresponding to a characteristic amount of the video signal 
is calculated. Then, light adjustment control data for controlling the light source is calculated in accordance with a 
difference between predetermined reference data and the characteristic data. Further, based on reference light ad- 
justment control data indicating a predetermined drive current at which the light-emitting efficiency of the light source 
reaches maximum, generated is another light adjustment control data used for controlling a value of the drive current 
of the light source to converge on the reference light adjustment control data only with respect to components that vary 
within a predetermined time period among the light adjustment control data . Then, in accordance with the another 
light adjustment control data, intensity adjustment of the light source is dynamically controlled by controlling the value 
of the drive current of the light source. As such, in the present image display apparatus and method, the temperature 
of the light source can be always controlled to be optimum, and therefore, the intensity of the light source can be 
dynamically adjusted under the condition that the light-emitting efficiency thereof always being maximum. Thereby, the 
efficiency of light adjustment can be improved than before. 

[0024] The another light adjustment control data is generated in the following procedure, for example. First, only AC 
components that vary within a time period of a predetermined time constant are passed among the light adjustment 
control data. Herein, the time constant is preferably set not to exceed a time period in which the response characteristic 
of temperature variation of the light source is unsatisfied with respect to increment/decrement of the drive current of 



1 



EP 1 111 578 A1 

the light source. Then, the reference light adjustment control data and AC component light adjustment control data are 
added for generation. Accordingly, in the present image display apparatus and method, control can be carried out in 
such a manner that the light source temperature is always in the range in the vicinity of a characteristic at which the 
light-emitting efficiency reaches maximum (optimum temperature). 

5 [0025] Further, preferably in the present image display apparatus and method, a physical amount of a vicinity of the 
light source may be detected, and according to the detection result, a value of the reference light adjustment control 
data may be dynamically varied so that the light-emitting efficiency of the light source always becomes maximum. 
Accordingly, in the present image display apparatus and method, brightness can be always adjusted dynamically under 
the condition that the light-emitting efficiency of the light source being maximum, without affected by the environmental 

10 temperature when in use. 

[0026] A sixth aspect of the present invention is directed to an image display apparatus and method for displaying 
a video signal to be inputted on a passive light modulation part including a light source as an image. In the present 
image display apparatus and method, characteristic data corresponding to a characteristic amount of the video signal 
is calculated. Then, light adjustment control data for controlling the light source is calculated in accordance with a 

15 difference between predetermined reference data and the characteristic data. Further, based on reference light ad- 
justment control data indicating a predetermined drive current at which the light-emitting efficiency of the light source 
reaches maximum and/or standard light adjustment control data, generated is another light adjustment control data 
used for controlling a value of the drive current of the light source to converge on the reference light adjustment control 
data and/or the standard light adjustment control data only with respect to components that vary within a predetermined 

20 time period among the light adjustment control data. Then, in accordance with the another light adjustment control 
data, intensity adjustment of the light source is dynamically controlled by controlling the value of the drive current of 
the light source. As such, in the present image display apparatus and method, the temperature of the light source can 
always be controlled to be optimum, and therefore, the intensity of the light source can be dynamically adjusted under 
the condition that the light-emitting efficiency thereof always being maximum. Thereby, the efficiency of light adjustment 

25 can be improved than before. 

[0027] Herein, the standard light adjustment control data is preferably the light adjustment control data indicating the 
drive current set in advance to secure standard brightness or the light adjustment control data indicating an average 
drive current set in advance to secure a lamp life. 

[0028] Further, the another light adjustment control data is generated in the following procedure, for example. First, 
30 when the light adjustment control data is not less than the standard light adjustment control data, a data difference 
therebetween is calculated, and when the light adjustment control data is not more than the reference light adjustment 
control data, a data difference therebetween, and otherwise, a data difference of zero are calculated respectively. Next, 
only signal components that vary for a time period exceeding a predetermined time constant are extracted from the 
calculated variation difference data. Herein, the time constant is preferably set not to exceed a time period in which 
35 the response characteristic of temperature variation of the light source is unsatisfied with respect to increment/decre- 
ment of the drive current of the light source. Then, variation component light adjustment control data is subtracted from 
the light adjustment control for generation of another light adjustment control data. Accordingly, in the present image 
display apparatus and method, even for a case that the control reference value is required to be set as more than the 
drive current at which the light-emitting efficiency of the light source being maximum, intensity adjustment can be 
40 dynamically carried out for the brightness variation where the drive current being not less than the standard light ad- 
justment control data while securing the standard brightness. For the brightness variation where the drive current being 
not more than the reference light adjustment control data, intensity adjustment can be dynamically carried out under 
the condition that the light-emitting efficiency being maximum. Thereby, the efficiency of light adjustment can be im- 
proved than before. 

45 [0029] Alternatively, when the light adjustment control data is not less than the standard light adjustment control 
data, a data difference therebetween is calculated, and otherwise, a data difference of zero is calculated. Next, only 
signal components that vary for a time period exceeding a predetermined time constant are extracted from the calcu- 
lated variation difference data. Herein, the time constant is preferably set not to exceed a time period in which the 
response characteristic of temperature variation of the light source is unsatisfied with respect to increment/decrement 

50 of the drive current of the light source. Then, variation component light adjustment control data is subtracted from the 
light adjustment control for generation of another light adjustment control data. Accordingly, in the present image display 
apparatus and method, even for a case that the control reference value is required to be set as more than the drive 
current at which the light-emitting efficiency of the light source being maximum, intensity adjustment can be dynamically 
carried out for the brightness variation where the drive current being not less than the standard light adjustment control 

55 data while securing the standard brightness. Thereby, the efficiency of light adjustment can be improved than before. 
[0030] A seventh aspect of the present invention is directed to an image display apparatus and method for displaying 
a video signal to be inputted on a passive light modulation part including a light source as an image. In the present 
image display apparatus and method, MAX, MIN, and APL of the video signal are each detected. Then, based on these 
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levels, generated are signal control data indicating an instruction for amplification and light source control data for 
making the light source light at intensity that an average brightness level of the image displayed on the passive light 
modulation part based on the video signal after amplification becomes equivalent to APL. Further, in accordance with 
the signal control data, the maximum amplitude of the video signal (a difference between MAX and MINI) is amplified 
to a width of a dynamic range. Further, based on reference light adjustment control data indicating a predetermined 
drive current at which the light-emitting efficiency of the light source reaches maximum, generated is another light 
source control data used for controlling a value of the drive current of the tight source to converge on the reference 
light adjustment control data only with respect to components that vary within a predetermined time period among the 
light adjustment control data. Then, light source brightness is dynamically controlled by controlling the value of the 
drive current of the light source in accordance with the another light source control data. As such, in the present image 
display apparatus and method, a sense of contrast can be visually improved without increment in average power 
consumption of the light source by carrying out brightness adjustment of the light source to have correlation with am- 
plitude adjustment, thereby not varying a visual average brightness level. Further, in the present image display appa- 
ratus and method, the temperature of the light source can be controlled always to be the optimum temperature. Ac- 
cordingly, the intensity of the light source can be always adjusted under the condition that the light-emitting efficiency 
being maximum, capable of improving the efficiency of light adjustment more than before. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a block diagram showing the structure of an image display apparatus according to a first embodiment 
of the present invention. 

[0032] FIG. 2 is a diagram in assistance of briefly explaining one example of processing carried out, with respect to 
a certain input signal, by the image display apparatus according to the first embodiment of the present invention. 
[0033] FIG. 3 is a diagram in assistance of briefly explaining one example of processing carried out, with respect to 
a certain input signal, by the image display apparatus according to the first embodiment of the present invention. 
[0034] FIG. 4 is a block diagram showing the structure of an image display apparatus according to a second em- 
bodiment of the present invention. 

[0035] FIG. 5 is a block diagram showing the structure of an image display apparatus according to a third embodiment 
of the present invention. 

[0036] FIG. 6 is a diagram showing one example of displaying two screens on a passive light modulation part 17 of 
FIG. 5. 

[0037] FIG. 7 is a diagram in assistance of briefly explaining one example of processing earned out, with respect to 
a certain input signal, by the image display apparatus according to the third embodiment of the present invention. 
[0038] FIG. 8 is a block diagram showing the structure of an image display apparatus according to a fourth embod- 
iment of the present invention. 

[0039] FIG. 9 is a diagram exemplarily showing reverse gamma characteristics in a reverse gamma correction 
processing part 41 and a gamma control data generation part 45 of FIG. 8. 

[0040] FIG. 1 0 is a block diagram showing the structure of an image display apparatus according to a fifth embodiment 
of the present invention. 

[0041] FIG. 11 a block diagram showing the structure of an image display apparatus according to a sixth embodiment 
of the present invention. 

[0042] FIG. 12 is a block diagram showing the structure of an image display apparatus according to a seventh em- 
bodiment of the present invention. 

[0043] FIG. 13 is a block diagram showing the structure of an image display apparatus according to an eighth em- 
bodiment of the present invention. 

[0044] FIG. 14 is a block diagram showing the structure of an image display apparatus according to a ninth embod- 
iment of the present invention. 

[0045] FIG. 15 is a block diagram exemplarily showing the detailed structure of a light adjustment control signal 
operation part 95 of FIG. 14. 

[0046] FIG. 1 6 is a diagram exemplarily showing a waveform of light adjustment control data calculated by a control 
data generation part 12 of FIG. 14. 

[0047] FIG. 17 is a diagram showing a waveform of AC component light adjustment control data which is obtained 
after the light adjustment control data of FIG. 16 has passed through an HPF 96. 

[0048] FIG. 18 are block diagrams exemplarily showing the structures of the HPF 96 of FIG. 15 in more detail. 
[0049] FIG. 19 is a diagram exemplarily showing a characteristic of lamp tube current to brightness of a general 
fluorescence lamp in the image display apparatus according to the ninth embodiment of the present invention. 
[0050] FIG. 20 is a block diagram showing the structure of an image display apparatus according to a tenth embod- 
iment of the present invention. 
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[0051] FIG. 21 is a block diagram exemplarily showing the detailed structure of a light adjustment control signal 
operation part 105 of FIG. 20. 

[0052] FIG. 22 is a diagram showing an input/output characteristic of a slicer 1 06 of FIG. 21 . 
[0053] FIG. 23 are diagrams exemplarily showing respective waveforms of light adjustment control data obtained in 
5 components of the light adjustment control signal operation part 105 shown in FIG. 21 . 

[0054] FIG. 24 are diagrams showing another input/output characteristic of the slicer 1 06 of FIG. 21 and a waveform 
of light adjustment control data outputted by a subtraction part 1 08. 

[0055] FIG. 25 is a block diagram showing the structure of an image display apparatus according to an eleventh 
embodiment of the present invention. 
10 [0056] FIG. 26 is a block diagram showing the structure of an image display apparatus according to a twelfth em- 
bodiment of the present invention. 

[0057] FIG. 27 is a diagram exemplarily showing a characteristic of lamp temperature to light-emitting efficiency of 
a general fluorescence lamp. 

[0058] FIG. 28 is a diagram exemplarily showing a characteristic of lamp tube current to lamp temperature of the 
15 general fluorescence lamp. 

[0059] FIG. 29 is a diagram exemplarily showing a characteristic of lamp tube current to brightness of the general 
fluorescence lamp. 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 

(First Embodiment) 

[0060] FIG. 1 is a block diagram showing the structure of an image display apparatus according to a first embodiment 
of the present invention. In FIG. 1, the image display apparatus of the first embodiment includes a characteristics 

25 detection part 11, a control data generation part 12, an input signal processing part 13, a light source control part 16, 
and a passive light modulation part 17. The input signal processing part 13 includes a signal amplitude adjustment 
part 13A and a DC level adjustment part 13B. The passive light modulation part 17 includes a light source 18. 
[0061] Hereinafter, by further referring to FIG. 2 and FIG. 3, the operation (image display method) of the image 
display apparatus according to the first embodiment of the present invention is described for each component. FIG. 2 

30 and FIG. 3 are diagrams each in assistance of briefly explaining one example of the processing carried out, with respect 
to an input signal, by the image display apparatus according to the first embodiment of the present invention. 
[0062] First, a video signal which is outputted by a video signal processing circuit (not shown) in a television receiver, 
computer, or the like, is supplied to the characteristics detection part 11 and the signal amplitude adjustment part 13A 
of the input signal processing part 13, as an input video signal. 

35 [0063] The characteristics detection part 11 detects, with respect to the input video signal, a maximum brightness 
level (hereinafter, referred to as MAX), a minimum brightness level (hereinafter, referred to as MIN) , and an average 
brightness level (hereinafter, referred to as APL). The detection of MAX, MIN, and APL carried out by the characteristics 
detection part 11 is a known procedure, and thus the detailed description is not made herein. 

[0064] The control data generation part 12 receives MAX, MIN, and APL detected by the characteristics detection 
40 part 11 , and based thereon, calculates a gain for signal amplitude adjustment (hereinafter, referred to as Gain) and a 
shift amount of DC level of the video signal (hereinafter, referred to as Offset). The calculations are made in the following 
manner. 

[0065] Assume herein for a case where the characteristics detection part 11 detects MAX, MIN, and APL as shown 
in (a) of FIG. 2 or FIG. 3 with respect to the input video signal. 
45 [0066] The control data generation part 12 first calculates, according to the following equation, Gain for amplifying 
the maximum amplitude (difference between MAX and MIN) of the input video signal to a width of the range in which 
a processing circuit can perform signal processing, i.e., a dynamic range (specifically, an output dynamic range of the 
DC level adjustment part 13B). 

50 

Gain = width of dynamic range / (MAX - MIN) 

[0067] For example, when the maximum amplitude of the input video signal is 67% of the dynamic range width as 
shown in FIG. 2 ((a) of the drawing), Gain calculated by the control data generation part 12 becomes approximately 
55 1 .5 ((b) of the drawing). The calculated Gain is outputted to the signal amplitude adjustment part 1 3A. 

[0068] Next, the control data generation part 1 2 calculates Offset that indicates the shift amount of the DC level so 
that the input video signal amplified by the signal amplitude adjustment part 13A (hereinafter, referred to as amplified 
video signal) falls within the dynamic range. Offset is for the signal amplitude adjustment part 13A to carry out ampli- 
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fication with reference to APL (with DC level of APL being fixed) , and is also used to change the DC level of the 
amplified video signal so that the amplitude of the amplified video signal falls within the dynamic range. In FIG. 2, for 
example, when the amplitude of the amplified video signal exceeds by 0.5V from the lower limit of the dynamic range, 
Offset calculated by the control data generation part 12 becomes 0.5V ((c) of the drawing). The calculated Offset is 

5 outputted to the DC level adjustment part 1 3B and the light source control part 1 6. 

[0069] The signal amplitude adjustment part 1 3A receives the input video signal, APL outputted by the characteristics 
detection part 11 , and Gain outputted by the control data generation part 12. The signal amplitude adjustment part 13A 
amplifies the input video signal with reference to APL and in accordance with Gain ((b) of FIG. 2, (b) of FIG. 3). The 
amplified video signal is outputted to the DC level adjustment part 13B. Here, the output dynamic range of the signal 

10 amplitude adjustment part 1 3A is sufficiently wider compared with that of the DC level adjustment part 13B. Therefore, 
in (b) of FIG. 2, the part of the signal exceeding the lower limit of the dynamic range is exemplarily indicated as a signal 
in a minus value. 

[0070] The DC level adjustment part 13B receives the amplified video signal outputted by the signal amplitude ad- 
justment part 13A and Offset outputted by the control data generation part 12. The DC level adjustment part 13B shifts 
15 the DC level of the amplified video signal by the value of Offset ((c) of FIG. 2, (c) of FIG. 3). The amplified video signal 
after level shift (hereinafter, referred to as output video signal) is outputted to the passive light modulation part 17, and 
then displayed on a screen as an image. 

[0071] The light source control part 16 carries out, in accordance with Offset outputted by the control data generation 
part 12, predetermined brightness adjustment on the light source 18. The brightness adjustment is carried out in such 
20 a manner that the visual brightness level of the output video signal becomes equal to the brightness level of the input 
video signal, that is, APL of the output video signal when displayed as image on the passive light modulation part 17 
becomes equal to APL of the input video signal ((d) of FIG. 2, (d) of FIG. 3). 

[0072] As described, the image display apparatus of the first embodiment accommodates an APL variation generated 
in the DC level adjustment part 13B through brightness adjustment of the light source 18. Since the visual brightness 
25 level decreases as the brightness of the light source 18 is reduced, a sense of contrast is improved as to the black 
level ((d) of FIG. 2). Further, as to the white level, since the visual white peak increases as the brightness of the light 
source 18 is increased, the bright portion is more emphasized, leading to visual improvement in a sense of contrast 
((d) of FIG. 3). 

[0073] As described in the foregoing, according to the image display apparatus and method of the first embodiment 
30 of the present invention, brightness adjustment of the light source 18 is carried out to have correlation between signal 
amplitude control performed by the input signal processing part 13, thereby accommodating an APL variation in the 
output video signal with respect to the input video signal. Accordingly, the image display apparatus and method are 
capable of visually improving a sense of contrast without increasing average power consumption of the light source 18. 
[0074] In the first embodiment above, described is the case that the gain for achieving the dynamic range width is 
35 assumed as Gain to be calculated by the control data generation part 1 2. Other than such case, Gain to be calculated 
by the control data generation part 12 may be a gain for achieving a width narrower than the dynamic range width, 
where the width is visually most effective in consideration of a noise status and a chrominance gain status of the input 
video signal. 

[0075] Further, the process of signal amplification and the process of increasing the brightness of the light source 
40 that are described in the first embodiment, at the same time, emphasize noise components of the input video signal. 
Such processes thus may cause deterioration in image quality. To cope with this, the image display apparatus deter- 
mines an amount of noise increased through the signal processing in accordance with the values of Gain and Offset 
generated by the control data generation part 12, and based on the amount of noise, reduces noise components from 
the input video signal. 

45 [0076] Still further, in the image display apparatus of the first embodiment, the passive light modulation part 17 is 
implemented by a display apparatus, for example, a panel using liquid crystal. The liquid crystal panel, however, has 
such characteristic that its response speed becomes faster when the brightness variation (APL variation) of the video 
signal is large and becomes slower when small. Therefore, when the constant control process is carried out for all 
types of the brightness variation as described in the first embodiment, in some cases, brightness adjustment of the 

50 light source, which conforms to the video, is not appropriately performed. To cope with this, the image display apparatus 
controls the value of Offset to be generated by the control data generation part 12 appropriately in correspondence 
with the response speed in the passive light modulation part 1 7 with respect to the brightness variation (APL variation) 
of the video signal. 

55 (Second Embodiment) 

[0077] FIG. 4 is a block diagram showing the structure of an image display apparatus according to a second em- 
bodiment of the present invention. In FIG. 4, the image display apparatus according to the second embodiment includes 
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the characteristics detection part 11, the control data generation part 12, the input signal processing part 13, the light 
source control part 16, and the passive light modulation part 17. The input signal processing part 13 includes the DC 
level adjustment part 13B and the signal amplitude adjustment part 1 3A. The passive light modulation part 17 includes 
the light source 18. 

[0078] As shown in FIG. 4, the image display apparatus of the second embodiment is so structured that the signal 
amplitude adjustment part 13A and the DC level adjustment part 13Bofthe input signal processing part 13 of the image 
display apparatus according to the first embodiment are interchanged in procedural order. Note that the components 
of the image display apparatus of the second embodiment are each identical to those of the first embodiment. The 
components are thus given the same reference numerals and not described again. 

[0079] Now, the operation of the image display apparatus according to the second embodiment of the present in- 
vention is described focusing on the procedural difference between the image display apparatus according to the first 
embodiment. 

[0080] The DC level adjustment part 13B receives an input video signal and Offset outputted by the control data 
generation part 12. The DC level adjustment part 13B then shifts the DC level of the input video signal by the value of 
Offset. 

[0081] The signal amplitude adjustment part 1 3A receives the input video signal after level shift outputted by the DC 
level adjustment part 13B, APL outputted by the characteristics detection part 11, and Gain outputted by the control 
data generation part 1 2. The signal amplitude adjustment part 1 3A then amplifies the input video signal after level shift 
with reference to APL and in accordance with Gain. The amplified video signal (output video signal) is outputted to the 
passive light modulation part 17 and displayed on a screen as an image. 

[0082] Consequently, similarly to the first embodiment, an APL variation generated in the DC level adjustment part 
1 3B is accommodated through brightness adjustment of the light source 1 8. Since the visual brightness level decreases 
as the brightness of the light source 18 is reduced, a sense of contrast is improved as to the black level ((d) of FIG. 

2) . Further, as to the white level, since the visual white peak increases as the brightness of the light source 18 is 
increased, the bright portion is more emphasized, leading to visual improvement in a sense of contrast (see (d) of FIG. 

3) . 

[0083] As described in the foregoing, according to the image display apparatus and method of the second embodi- 
ment of the present invention, brightness adjustment of the light source 18 is carried out to have correlation between 
signal amplitude control performed by the input signal processing part 13, thereby accommodating an APL variation 
in the output video signal with respect to the input video signal. Accordingly, the image display apparatus and method 
of the second embodiment are capable of visually improving a sense of contrast without increasing average power 
consumption of the light source 18. 

[0084] In the second embodiment above, described is the case that the gain for achieving the dynamic range width 
is assumed as Gain to be calculated by the control data generation part 1 2. Other than such case, Gain to be calculated 
by the control data generation part 12 may be a gain for achieving a width narrower than the dynamic range width, 
where the width is visually most effective in consideration of a noise status and a chrominance gain status of the input 
video signal. 

(Third Embodiment) 

[0085] In the first and second embodiments, described is the case that contrast adjustment and light source bright- 
ness adjustment are carried out for the system displaying a single screen. The contrast adjustment and light source 
brightness adjustment of the present invention, however, are also adaptable to a system displaying two screens on a 
passive light modulation part like a personal computer (PC), or the like. Therefore, in a third embodiment of the present 
invention, described is an image display apparatus capable of visually improving a sense of contrast in a system 
displaying two screens, through contrast adjustment and light source brightness adjustment. 

[0086] FIG. 5 is a block diagram showing the structure of an image display apparatus according to the third embod- 
iment of the present invention. In FIG. 5, the image display apparatus of the third embodiment includes the character- 
istics detection part 11 , the control data generation part 12, the input signal processing part 1 3, the light source control 
part 16, a correction data generation part 31, a signal amplitude adjustment part 32, a MIX 33, and the passive light 
modulation part 17. The passive light modulation part 17 includes the light source 18. 

[0087] As shown in FIG. 5, the image display apparatus of the third embodiment is provided with the correction data 
generation part 31 , the signal amplitude adjustment part 32, and the MIX 33 in addition to the image display apparatuses 
of the first and the second embodiments. Other components of the image display apparatus of the third embodiment 
are identical to those of the first and the second embodiments, and are given the same reference numerals and not 
described again. 

[0088] Now, by further referring to FIG. 6 and FIG. 7, the image display apparatus according to the third embodiment 
of the present invention is described focusing on the components differ from the image display apparatuses according 
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to the first and the second embodiments. FIG. 6 is a diagram exemplarily showing the passive light modulation part 
17 of FIG. 5 displaying two screens thereon. FIG. 7 is a diagram in assistance of schematically explaining an example 
of a procedure carried out by the image display apparatus of the third embodiment with respect to an input video signal. 
[0089] Assume that two screens (windows) as shown in FIG. 6 are displayed on the photo-receptive optical modulator 
17 and the image display apparatus performs contrast adjustment and light source brightness adjustment on a first 
screen. Here, a video signal processing circuit (not shown) in a television receiver, a computer, or the like, outputs a 
first input video signal for displaying the first screen (target screen for control) to the characteristics detection part 11 
and the input signal processing part 13, and outputs a second input video signal for displaying a second screen (non- 
target screen for control) to the signal amplitude adjustment part 32. The video signal processing circuit also outputs, 
to the MIX 33, a window switch signal indicating either one of the output video signals relating to either screen. 
[0090] First, with respect to the first input video signal, the characteristics detection part 1 1 , the control data generation 
part 12, the input signal processing part 13, and the light source control part 16 carry out the processing described in 
the first and the second embodiments to adjust contrast and light source brightness ((a) of FIG. 7). 
[0091] The correction data generation part 31 receives Offset outputted by the control data generation part 1 2. Based 
on Offset, the correction data generation part 31 generates a signal for correcting the amplitude of the second input 
video signal so as to avoid the second input video signal being affected by light source adjustment carried out for the 
first input video signal (that is, to cancel the effect of light source brightness adjustment). 

[0092] The signal amplitude adjustment part 32 receives the correction signal outputted by the correction data gen- 
eration part 31 and the second input video signal, and based on the correction signal, amplifies or attenuates the 
amplitude of the second input video signal. Here, the signal amplitude adjustment part 32 amplifies or attenuates the 
second input video signal with reference to the black level ((b) of FIG. 7). 

[0093] The MIX 33 receives the contrast-adjusted first input video signal outputted by the input signal processing 
part 13 and the contrast-corrected second input video signal outputted by the signal amplitude adjustment part 32 and 
switches therebetween in accordance with a timing indicated by the window switch signal to output the output video 
signal to the passive light modulation part 17. 

[0094] With the procedure above, the image display apparatus of the third embodiment is capable of correcting the 
amplitude of the second input video signal in such a manner that the brightness adjustment of the light source 18 
carried out for the first input video signal is always canceled ((b) of FIG. 7). As a result, the second screen is not affected 
by contrast adjustment and light source brightness adjustment carried out for the first screen. 

[0095] As described in the foregoing, in the image display apparatus and method of the third embodiment of the 
present invention, contrast adjustment and light source brightness adjustment are carried out with respect to a target 
screen for control, and correction is carried out with respect to a non-target screen for control in such a manner that 
the effect of the light source brightness adjustment is canceled. Accordingly, even in the system displaying two screens, 
the image display apparatus and method of the third embodiment are capable of visually improving a sense of contrast 
appropriately and naturally for both screens. 

[0096] In the third embodiment above, the black level is presumably adopted as the reference forthe signal amplitude 
adjustment part 32 to amplify or attenuate the second input video signal. Such reference, however, is not limited to the 
black level and may be the APL level or any arbitrary level which can be obtained through characteristic detection 
(similar to that by the character detection part 11 ) of the second input video signal. 

(Fourth Embodiment) 

[0097] On assumption that a CRT is used as a display apparatus, an input video signal is generally subjected to 
gamma correction processing in advance to correct gamma characteristic of the CRT. On the other hand, the passive 
light modulation part 17 serving as the display apparatus in the present invention (e.g., liquid crystal panel) does not 
have such gamma characteristic as does the CRT. Accordingly, there may be some cases that an image is not appro- 
priately displayed on the image display apparatus if an input video signal previously subjected to gamma correction 
processing is merely subjected to contrast adjustment and light source brightness adjustment described in the first and 
the second embodiments. Therefore, in a fourth embodiment of the present invention, described is an image display 
apparatus appropriately adjusting contrast and light source brightness by applying reverse gamma correction process- 
ing to an input video signal previously subjected to gamma correction processing. 

[0098] FIG. 8 is a block diagram showing the structure of an image display apparatus according to the fourth em- 
bodiment of the present invention. In FIG. 8, the image display apparatus of the fourth embodiment includes the char- 
acteristics detection part 11, the control data generation part 12, the input signal processing part 13, a reverse gamma 
correction processing part 41 , a gamma control data generation part 45, the light source control part 1 6, and the passive 
light modulation part 17. The passive light modulation part 17 includes the light source 18. 

[0099] As shown in FIG. 8, the image display apparatus of the fourth embodiment is provided with the reverse gamma 
correction processing part 41 and the gamma control data generation part 45 in addition to the image display appara- 
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tuses of the first and the second embodiments. Other components of the image display apparatus of the fourth em- 
bodiment are identical to those of the first and the second embodiments, and are thus given the same reference nu- 
merals and not described again. 

[0100] Now, by further referring to FIG. 9, the image display apparatus according to the fourth embodiment of the 
present invention is described focusing on the components differ from the image display apparatuses of the first and 
the second embodiments. FIG. 9 is a diagram exemplarily showing reverse gamma characteristics in the reverse 
gamma correction processing part 41 and the gamma control data generation part 45 of FIG. 8. 
[0101] The reverse gamma correction processing part 41 receives, from the input signal processing part 13, a non 
linear output video signal previously subjected to gamma correction processing, and based on the predetermined 
reverse gamma characteristic shown in (a) of FIG. 9, applies reverse gamma correction processing to the output video 
signal. The reverse gamma characteristic herein is of a characteristic completely reverse to the gamma characteristic 
previously given to the input video signal (i.e., compensating the gamma characteristic). For example, gamma = 2.2 
for the NTSC standard. As a result of the procedure, a linear output video signal is outputted from the reverse gamma 
correction processing part 41 to the passive light modulation part 17. 

[0102] The gamma control data generation part 45 receives APL outputted by the characteristics detection part 11 
and Offset outputted by the control data generation part 12. Based on the predetermined reverse gamma characteristic 
shown in (b) of FIG. 9, the gamma control data generation part 45 determines a difference (3 indicating Offset after 
reverse gamma correction processing from a difference a between Offset and APL. The difference (3 is outputted to 
the light source control part 16. The reverse gamma characteristic in the gamma control data generation part 45 is 
identical to that in the reverse gamma correction processing part 41. 

[01 03] As described in the foregoing, according to the image display apparatus and method of the fourth embodiment 
of the present invention, light source brightness adjustment is carried out to have correlation with signal amplitude 
control, thereby accommodating an APL variation in the output video signal with respect to the input video signal, and 
in such procedure, for appropriate contrast adjustment and light source brightness adjustment, reverse gamma cor- 
rection processing is performed to compensate gamma correction processing previously applied to the input video 
signal. Accordingly, even with respect to the input video signal previously subjected to gamma correction processing, 
the image display apparatus and method of the fourth embodiment are capable of visually improving a sense of contrast. 
[0104] In the fourth embodiment, described is the case that the components of the reverse gamma correction 
processing part 41 and the gamma control data generation part 45 are applied to the image display apparatuses of 
the first and the second embodiments. It is also possible, however, to achieve the same effects by applying such 
components to the image display apparatus of the third embodiment. 

[0105] Further, in the fourth embodiment, the image display apparatus performs reverse gamma correction process- 
ing after contrast adjustment and light source brightness adjustment. The above described useful effects, however, 
can be also achieved with an image display apparatus so structured as to first apply reverse gamma correction process- 
ing to an input video signal previously subjected to gamma correction processing, and then appropriately adjust contrast 
and light source brightness. 

(Fifth Embodiment) 

[0106] The input video signal is varied in type and mode. Accordingly, there may be some cases where an image is 
not appropriately displayed on the image display apparatus if the input video signal is unconditionally subjected to 
contrast adjustment and light source brightness adjustment in a manner described in the first and second embodiments. 
Therefore, in a fifth embodiment of the present invention, described is an image display apparatus appropriately ad- 
justing contrast and light source brightness for an input video signal varied in type and mode. 

[01 07] FIG. 1 0 is a block diagram showing the structure of an image display apparatus according to the fifth embod- 
iment of the present invention. In FIG. 10, the image display apparatus of the fifth embodiment includes the charac- 
teristics detection part 11, a control data generation part 52, the input signal processing part 13, the light source control 
part 16, and the passive light modulation part 17. The passive light modulation part 17 includes the light source 18. 
[0108] As shown in FIG. 10, the image display apparatus of the fifth embodiment is provided with the control data 
generation part 52 in place of the control data generation part 12 of the image display apparatuses of the first and the 
second embodiments. Other components of the image display apparatus of the fifth embodiment are identical to those 
of the first and the second embodiments, and are thus given the same reference numerals and not described again. 
[0109] Now, for the cases in which the input video signal is classified by types and modes, the image display apparatus 
of the fifth embodiment of the present invention is described focusing on the component differs from the image display 
apparatuses according to the first and the second embodiments. 
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(1) In case of blue back signal or signal at mode transition 

[01 10] The case where an input video signal is a special signal such as blue back signal for all-blue screen or signal 
for all-white screen used at mode transition like screen switching (e.g., fade in/fade out) is described. Such special 
signal needs not to be improved in image quality and is preferably displayed as it has been originally inputted on the 
image display apparatus without contrast adjustment and light source brightness adjustment. Accordingly, the image 
display apparatus of the fifth embodiment carries out the following processing in the control data generation part 52. 
[0111] The control data generation part 52 receives MAX. MIN, and APL detected by the characteristics detection 
part 11 , and determines whether a level difference between MAX and MIN is larger or smaller than a predetermined 
value (hereinafter, referred to as TH_LVL). This is based on the fact that the level difference between MAX and MIN 
is relatively small in a signal such as blue back signal. 

[0112] If determined that the level difference being larger than TH_LVL, the control data generation part 52 calculates 
and outputs Gain and Offset which correspond to the input video signal, as described in the first and the second 
embodiments. On the other hand, if determined that the level difference- being smaller than TH_LVL, the control data 
generation part 52 determines that the input video signal is the special signal such as blue back signal. Gain and Offset 
to be outputted thereby are less in control effects than the above Gain and Offset calculated. Specifically, when Gain 
and Offset without any adjustment are represented as Gain_Typ and Offset_Typ, respectively, and Gain and Offset to 
be outputted are represented as Gain_Out and Offset_Out, respectively, Gain__Out and Offset_Out are calculated in 
accordance with the following equations: 

Gain_Out = 

Gain_Typ + (Gain - Gain_Typ) * ((MAX - MIN) / TH_LVL) 



Offset_Out = 

Offset_Typ+ (Offset - Offset_Typ) * ((MAX - MIN) / TH_LVL) 

[0113] With this procedure, the image display apparatus of the fifth embodiment is capable of preventing excessive 
correction caused by unnecessary control and reducing power consumption. Note that the predetermined value de- 
scribed above may be set at will in accordance with the level of the input special signal. 

[0114] In the above explanation, as the processing carried out by the control data generation part 52, described is 
a method of discriminating the special signal when the level difference between MAX and MIN is smaller than the 
predetermined value, and gradually bringing Gain near to 1 in accordance with (MAX - MIN) . Alternatively, it is also 
possible to adopt a method of discriminating the special signal based on color, synchronization (e.g., not being interlace 
signal) , or the like, as the processing carried out by the control data generation part 52. 

(2) In case of signal having variation only in very small region 

[01 1 5] The case where an input video signal is a signal having variation in a part of the entire screen, that is, a signal 
with no variation in most of the video but varied in a very small part region is described. When the image display 
apparatus adjusts contrast and light source brightness under the influence of the varied region of such signal, a large 
region without variation, which forms most of the image, looks unnatural in some cases. Therefore, for such signal, 
adjustment values in the image display apparatus are preferably not changed largely from those of the previous 
processing, in order to keep small the variation from the output image of the previous time to that of this time. Accord- 
ingly, the image display apparatus of the fifth embodiment carries out the following processing in the control data 
generation part 52. 

[0116] Here, as a precondition, the control data generation part 52 holds MAX, MIN, APL, Gain, and Offset of the 
previous processing. The control data generation part 52 receives MAX , MIN, and APL detected by the characteristics 
detection part 11 and compares such newly received APL with the previous APL held therein to calculate a level 
variation therebetween (level difference). This is based on the fact that the signal having variation in very small region 
mostly shows no variation of APL. 

[0117] When no level difference is observed, the control data generation part 52 outputs Gain and Offset of the 
previous processing as Gain and Offset corresponding to the input video signal. On the other hand, when any level 
difference is observed, the control data generation part 52 outputs, as Gain and Offset corresponding to the input video 
signal, Gain and Offset determined depending on the magnitude of the level difference in a variable manner within a 
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range between Gain and Offset of the previous processing and Gain and Offset calculated based on MAX, MIN, and 
APL of this time. Such variations of Gain and Offset can be achieved by providing a low-pass filter (LPF) of a cyclic 
type that passes Gain and Offset. When the level difference is small, a time constant of the LPF is increased (reduce 
amount of variation), and when the level difference is large, the time constant of the LPF is decreased (increase amount 
5 of variation). 

[0118] Note, when the level difference is large, the control data generation part 52 may control Gain and Offset to 
be outputted in correspondence with the input video signal to finally converge on Gain and Offset calculated based on 
MAX, MIN, and APL of this time, or on Gain and Offset separately predetermined. 

[0119] With this procedure, although the effect of improvement in image quality is more or less reduced on each 
10 image basis, the image display apparatus of the fifth embodiment is capable of suppressing visual inappropriateness 
caused by excessive control, and thus smoothly displaying sequence of images. The amount variable in accordance 
with the level difference may be set at will in correspondence with an amplitude level of the input video signal. Further, 
although the control data generation part 52 determines whether or not the video signal has variation in only very small 
region based on APL variation, determination can be made using MAX variation or MIN variation. Still further, when 
15 the control data generation part 52 determines that the image is not varied in most part, the accuracy of such deter- 
mination can be improved by adopting a technique of detecting histogram data. Moreover, the characteristics detection 
part 11 may divide the screen into a plurality of regions, and for each region, detect MAX, MIN, and APL. Thereafter, 
based on the detected values, the control data generation part 52 may determine whether or not the variation is ob- 
served, thereby improving the accuracy of determination. 

20 

(3) In case of signal having large variation 

[0120] The case where an input video signal is a signal having large variation due to screen changeover etc. is 
described. Note herein that the input video signal varies a bit on the time axis (due to noise, or the like) even if the 

25 image does not change at all. If the image display apparatus changes the adjustment level each time of such small 
variation, the image is not comfortably seen due to flicker. To secure visibility of image, the image display apparatus 
is generally provided with a low-pass filter (LPF) in the control data generation part 52 so as to accommodate the small 
variations (smoothening) before adjusting contrast and light source brightness. However, if the input video signal having 
large variation is also passed through the LPF and smoothened, the adjustments following thereafter are not actually 

30 corresponding to the video signal. Therefore, for such signal having large variation, the image display apparatus pref- 
erably carries out each adjustment without passing the signal through the LPF. Accordingly, the image display apparatus 
of the fifth embodiment carries out the following processing in the control data generation part 52. 
[0121] Here, as a precondition, the control data generation part 52 holds MAX, MIN, and APL of the previous process- 
ing. The control data generation part 52 receives MAX, MIN, and APL detected by the characteristics detection part 

35 1 1 and compares the newly received APL with the previous APL held therein to calculate a level variation (level differ- 
ence). This is based on the fact that the signal having large variation mostly shows variation of APL. 
[0122] When determining that the level difference is smaller than a predetermined value, the control data generation 
part 52 calculates and outputs Gain and Offset corresponding to the input video signal by using MAX, MIN, and APL 
after passing through the LPF. On the other hand, when determining that the level difference is larger than the prede- 

40 termined value, the control data generation part 52 calculates and outputs Gain and Offset corresponding to the input 
video signal by using MAX, MIN, and APL before passing through the LPF. 

[0123] With this procedure, the image display apparatus of the fifth embodiment is capable of carrying out adjust- 
ments which are actually corresponding to the input video signal, thereby emphasizing the variation in the input video 
signal. The predetermined value described above may be set at will in accordance with amplitude level of the input 

45 video signal. Further, although the control data generation part 52 determines whether or not the video signal has large 
variation based on APL variation, the determination can be made using MAX variation or MIN variation. Still further, 
when determining that the level difference is larger than the predetermined value, the control data generation part 52 
may change the characteristics of the LPF appropriately, and then calculate and output Gain and Offset corresponding 
to the input video signal by using MAX, MIN, and APL after passing through the LPF. 

50 [0124] As described in the foregoing, according to the image display apparatus and method of the fifth embodiment 
of the present invention, light source brightness adjustment is carried out to have correlation between signal amplitude 
control, thereby acommodating an APL variation in the output video signal with respect to the input video signal, and 
in such procedure, appropriate adjustments are determined based on the type and mode of the input video signal. 
Accordingly, the image display apparatus and method of the fifth embodiment are capable of visually improving a sense 

55 of contrast appropriately even for an input video signal varied in type and mode. 

[0125] In the fifth embodiment, described is the case that the component of the control data generation part 52 is 
applied to the image display apparatuses of the first and the second embodiments. It is also possible, however, to 
achieve the same effects by applying such component to the image display apparatuses of the third and the fourth 
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embodiments. Further, the control data generation part 52 in the fifth embodiment is not necessarily the component 
supporting all signals (1) to (3) described above, but may support any one or two signals thereamong. 

(Sixth Embodiment) 

[0126] In the first to the fifth embodiments above, the characteristics detection part 11 detects APL for use in contrast 
adjustment and light source brightness adjustment. Accordingly, there still exists a problem that the characteristics 
detection part 11 is complex in structure. Therefor, in a sixth embodiment of the present invention, described is an 
image display apparatus adjusting contrast and light source brightness without using APL. 

[0127] FIG. 11 is a block diagram showing the structure of an image display apparatus according to the sixth em- 
bodiment of the present invention. In FIG. 11 , the image display apparatus of the sixth embodiment includes a char- 
acteristics detection part 61, a control data generation part 62, an input signal processing part 63, the light source 
control part 1 6, and the passive light modulation part 17. The input signal processing part 63 includes a signal amplitude 
adjustment part 63A and a DC level adjustment part 63B. The passive light modulation part 1 7 includes the light source 
18. 

[0128] As shown in FIG. 11 , the image display apparatus of the sixth embodiment is provided with the characteristics 
detection part 61, the control data generation part 62, and the input signal processing part 63 in place of the charac- 
teristics detection part 11, the control data generation part 12, and the input signal processing part 13 of the image 
display apparatus of the first embodiment. Other components of the image display apparatus according to the sixth 
embodiment are identical to those of the first embodiment, and are thus given the same reference numerals and not 
described again. 

[0129] Now, the image display apparatus of the sixth embodiment of the present invention is described focusing on 
the components differ from the image display apparatus of the first embodiment. 

[0130] First, a video signal which is outputted by a video signal processing circuit (not shown) in a television receiver, 
computer, or the like, is supplied to the characteristics detection part 61 and the input signal processing part 63, as an 
input video signal. The characteristics detection part 61 detects MAX and MIN of the input video signal. 
[0131] The control data generation part 62 receives MAX and MIN detected by the characteristics detection part 61 , 
and based on these levels, calculates Gain and Offset in the following manner. 

[0132] The control data generation part 62 first calculates, according to the following equation, Gain for amplifying 
the maximum amplitude (difference between MAX and MIN) of the input video signal to a width of the range in which 
the processing circuit can perform signal processing, i.e., a dynamic range (specifically, an output dynamic range of 
the DC level adjustment part 63B). 

Gain = width of dynamic range / (MAX - MIN) 
[0133] The calculated Gain is outputted to the signal amplitude adjustment part 63A. 

[0134] Next, based on MAX and MIN, the control data generation part 62 calculates an average value of MAX and 
MIN of the input video signal [ = (MAX + MIN) / 2]. The control data generation part 62 then calculates Offset indicating 
the DC level that brings the input video signal, which is amplified by the signal amplitude adjustment part 63A with 
reference to the average value, within the output dynamic range. Offset is used to change the DC level of the amplified 
video signal so that the amplitude of the amplified video signal falls within the dynamic range. The calculated Offset is 
outputted to the DC level adjustment part 63B. 

[0135] The signal amplitude adjustment part 63A receives the input video signal, MAX and MIN outputted by the 
characteristics detection part 61, and Gain outputted by the control data generation part 62. The signal amplitude 
adjustment part 63A amplifies the input video signal with reference to the average value and in accordance with Gain. 
The amplified video signal is outputted to the DC level adjustment part 63B. 

[0136] The DC level adjustment part 63B receives the amplified video signal outputted by the signal amplitude ad- 
justment part 63A and Offset outputted by the control data generation part 62. The DC level adjustment part 63B shifts 
the DC level of the amplified video signal in accordance with Offset. The amplified video signal after level shift (output 
video signal) is outputted to the passive light modulation part 17, and then displayed on a screen as an image. 
[0137] The light source control part 16 carries out, in accordance with Offset, the predetermined brightness adjust- 
ment on the light source 18. The brightness adjustment is carried out in such a manner that the visual brightness level 
of the output video signal becomes equal to the brightness level of the input video signal, that is to say, an average 
value of output video signal when displayed as image on the passive light modulation part 17 becomes equal to the 
average value of the input video signal. 

[01 38] As described in the foregoing, according to the image display apparatus and method of the sixth embodiment 
of the present invention, brightness adjustment of the light source 18 is carried out to have correlation between signal 
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amplitude control performed by the input signal processing part 63, thereby accommodating an average value variation 
in the output video signal with respect to the input video signal. Accordingly, the image display apparatus and method 
of the sixth embodiment are capable of visually improving a sense of contrast without increasing average power con- 
sumption of the light source 18. Further, in the image display apparatus of the sixth embodiment, the characteristics 
detection part 61 can be simplified in structure. 

[0139] In the sixth embodiment, described is the case that the components of the characteristics detection part 61 , 
the control data generation part 62, and the input signal processing part 63 are applied to the image display apparatus 
of the first embodiment. It is also possible, however, to achieve the same effects by applying such components to the 
image display apparatuses of the second to the fifth embodiments. Further, in the image display apparatus of the sixth 
embodiment, the same effect can be achieved even if the signal amplitude adjustment part 63A and the DC level 
adjustment part 63B of the input signal processing part 63 are interchanged in structural order as described in the 
second embodiment. 

(Seventh Embodiment) 

[0140] Next, in a seventh embodiment, described is an image display apparatus adjusting contrast and light source 
brightness without using the average value of MAX and MIN of an input video signal, but with a brightness level ap- 
pearing most frequently in each field. 

[0141] FIG. 12 is a block diagram showing the structure of an image display apparatus according to the seventh 
embodiment of the present invention. In FIG. 12, the image display apparatus of the seventh embodiment includes a 
characteristics detection part 71 , a control data generation part 72, an input signal processing part 73, the light source 
control part 1 6, and the passive light modulation part 17. The input signal processing part 73 includes a signal amplitude 
adjustment part 73A and a DC level adjustment part 738. The passive light modulation part 1 7 includes the light source 
18. 

[0142] As shown in FIG. 12, the image display apparatus of the seventh embodiment is provided with the charac- 
teristics detection part 71 , the control data generation part 72, and the input signal processing part 73 in place of the 
characteristics detection part 11, the control data generation part 12, and the input signal processing part 13 of the 
image display apparatus of the first embodiment. Other components of the image display apparatus of the seventh 
embodiment are identical to those of the first embodiment, and are thus given the same reference numerals and not 
described again. 

[0143] Now, the image display apparatus of the seventh embodiment of the present invention is described focusing 
on the components differ from the image display apparatus of the first embodiment. 

[0144] First, a video signal which is outputted by a video signal processing circuit (not shown) in a television receiver, 
computer, or the like, is supplied to the characteristics detection part 71 and the input signal processing part 73, as an 
input video signal. The characteristics detection part 71 detects, with respect to the input video signal, MAX, MIN, and 
a brightness level appearing most frequently in each field (hereinafter, referred to as HIST). 

[0145] The control data generation part 72 receives MAX, MIN, and HIST detected by the characteristics detection 
part 71, and based on these levels, calculates Gain and Offset in the following manner. 

[0146] The control data generation part 72 first calculates, according to the following equation, Gain for amplifying 
the maximum amplitude (difference between MAX and MIN) of the input video signal to a width of the range in which 
the processing circuit can perform signal processing, i.e., a dynamic range (specifically, an output dynamic range of 
the DC level adjustment part 73B). 

Gain = width of dynamic range / (MAX - MIN) 
[0147] The calculated Gain is outputted to the signal amplitude adjustment part 73A. 

[0148] Next, based on MAX, MIN, and the calculated Gain, the control data generation part 72 calculates Offset 
indicating the DC level that brings the input video signal, which is amplified by the signal amplitude adjustment part 
73Awith reference to HIST, within the output dynamic range. Offset is used to change the DC level of the amplified 
video signal so that the amplitude of the amplified video signal falls within the dynamic range. The calculated Offset is 
outputted to the DC level adjustment part 73B. 

[0149] The signal amplitude adjustment part 73A receives the input video signal, HIST outputted by the character- 
istics detection part 71, and Gain outputted by the control data generation part 72. The signal amplitude adjustment 
part 73A amplifies the input video signal with reference to HIST and in accordance with Gain. The amplified video 
signal is outputted to the DC level adjustment part 73B. 

[0150] The DC level adjustment part 73B receives the amplified video signal outputted by the signal amplitude ad- 
justment part 73A and Offset outputted by the control data generation part 72. The DC level adjustment part 73B shifts 
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the DC level of the amplified video signal in accordance with Offset. The amplified video signal after level shift (output 
video signal) is outputted to the passive light modulation part 17, and then displayed on a screen as an image. 
[0151] The light source control part 16 carries out, in accordance with Offset, predetermined brightness adjustment 
on the light source 18. The brightness adjustment is carried out in such a manner that the visual brightness level of 
the output video signal becomes equal to the brightness level of the input video signal, that is to say, HIST of output 
video signal when displayed as image on the passive light modulation part 17 becomes equal to HIST of the input 
video signal. 

[0152] As described in the foregoing, according to the image display apparatus and method of the seventh embod- 
iment of the present invention, brightness adjustment of the light source 18 is carried out to have correlation between 
signal amplitude control performed by the input signal processing part 73, thereby accommodating a HIST variation in 
the output video signal with respect to the input video signal. Accordingly, the image display apparatus and method of 
the seventh embodiment are capable of visually improving a sense of contrast without increasing average power con- 
sumption of the light source 18. 

[0153] In the seventh embodiment, described is the case that the components of the characteristics detection part 
71 , the control data generation part 72, and the input signal processing part 73 are applied to the image display appa- 
ratus of the first embodiment. It is also possible, however, to achieve the same effects by applying such components 
to the image display apparatuses of the third to the fifth embodiments. Further, in the image display apparatus of the 
seventh embodiment, the same effect can be achieved even if the signal amplitude adjustment part 73A and the DC 
level adjustment part 73B of the input signal processing part 73 are interchanged in structural order as described in 
the second embodiment. 

(Eighth Embodiment) 

[01 54] In the description of the first to the fifth embodiments, contrast adjustment is performed with reference to APL. 
However, such contrast adjustment can surely be performed with reference to any other predetermined DC level. 
Therefore, in an eighth embodiment, described is an image display apparatus adjusting contrast with reference to an 
arbitrarily predetermined DC level. 

[0155] FIG. 1 3 is a block diagram showing the structure of an image display apparatus according to the eighth em- 
bodiment of the present invention. In FIG. 13, the image display apparatus of the eighth embodiment includes the 
characteristics detection part 11 , a control data generation part 82, an input signal processing part 83, the light source 
control part 16, and the passive light modulation part 17. The input signal processing part 83 includes a signal amplitude 
adjustment part 83A and a DC level adjustment part 83B. The passive light modulation part 17 includes the light source 
18. 

[0156] As shown in FIG. 1 3, the image display apparatus of the eighth embodiment is provided with the control data 
generation part 82 and the input signal processing part 83 in place of the control data generation part 12 and the input 
signal processing part 13 of the image display apparatus of the first embodiment. Other components of the image 
display apparatus of the eighth embodiment are identical to those of the first embodiment, and are thus given the same 
reference numerals and not described again. 

[0157] Now, the image display apparatus of the eighth embodiment of the present invention is described focusing 
on the components differ from the image display apparatus of the first embodiment. 

[0158] The control data generation part 82 receives MAX, MIN, and APL detected by the characteristics detection 
part 11 and an arbitrarily predetermined DC level (hereinafter, referred to as LVL) , and then calculates Gain, Offset, 
and an adjustment DC level of APL having the basis on LVL (Hereinafter, referred to as Offset2) in the following manner. 
[0159] The control data generation part 82 first calculates, according to the following equation, Gain for amplifying 
the maximum amplitude (difference between MAX and MIN) of an input video signal to a width of the range in which 
the processing circuit can perform signal processing, i.e., a dynamic range (specifically, an output dynamic range of 
the signal amplitude adjustment part 83A). 

Gain = width of dynamic range / (MAX - MIN) 
[0160] The calculated Gain is outputted to the signal amplitude adjustment part 83A. 

[0161] Next, based on Offset stated in the first embodiment and MAX, MIN, and the calculated Gain, the control data 
generation part 82 calculates Offset2 indicating the DC level that brings the input video signal, which is amplified by 
the signal amplitude adjustment part 83A with reference to LVL, within the output dynamic range. Offset2 is used to 
change the DC level of the amplified video signal so that the amplitude of the amplified video signal falls within the 
dynamic range. The calculated Offset is outputted to light source control part 16 and the calculated Offset2 is outputted 
to the DC level adjustment part 83B. 
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[0162] The signal amplitude adjustment part 83A receives the input video signal, Gain outputted by the control data 
generation part 82, and LVL. The signal amplitude adjustment part 83A amplifies the input video signal with reference 
to LVL and in accordance with Gain. 

[0163] The DC level adjustment part 83B receives the amplified video signal outputted by the signal amplitude ad- 
justment part 83A and Offset2 outputted by the control data generation part 82. The DC level adjustment part 83B then 
shifts the DC level of the amplified video signal by a value of Offset2. The amplified video signal after level shift (output 
video signal) is outputted to the passive light modulation part 17, and then displayed on a screen as an image. 
[01 64] As described in the foregoing, according to the image display apparatus and method of the eighth embodiment 
of the present invention, brightness adjustment of the light source 18 is carried out to have correlation between signal 
amplitude control performed by the input signal processing part 83, thereby accommodating an APL variation in the 
output video signal with respect to the input video signal. Accordingly, the image display apparatus and method of the 
eighth embodiment are capable of visually improving a sense of contrast without increasing average power consump- 
tion of the light source 18. 

[0165] In the eighth embodiment, described is the case that the components of the control data generation part 82 
and the input signal processing part 83 are applied to the image display apparatus of the first embodiment. It is also 
possible, however, to achieve the same effects by applying such components to the image display apparatuses of the 
second to the fifth embodiments. 

[01 66] Further, in the eighth embodiment, described is the case where externally supplied LVL serves as the arbitrary 
DC level, which is the reference for contrast adjustment. However, the arbitrary DC level may be a value that can be 
generated internally. Such value includes a minimum value of the system (lower limit value of the output dynamic range 
of the signal amplitude adjustment part 83A) and a maximum value of the system (upper limit value of the output 
dynamic range of the signal amplitude adjustment part 83A). 

(Ninth Embodiment) 

[0167] In the first to the eighth embodiments above, description is made of the image display apparatuses and meth- 
ods capable of visually improving a sense of contrast without increasing power consumption of the light source by 
adjusting contrast and light source brightness to have correlation. Such adjustments of contrast and light source bright- 
ness are done only focusing on the characteristics of input video signal but not on physical characteristics of the light 
source. 

[0168] Therefore, in a ninth embodiment, described is an image display apparatus and an image display method 
capable of dynamically and optimally adjusting the intensity of the light source according to an input video signal by 
utilizing a range in the vicinity of a characteristic at which the light-emitting efficiency of the light source reaches max- 
imum. 

[0169] FIG. 14 is a block diagram showing the structure of an image display apparatus according to the ninth em- 
bodiment of the present invention. In FIG. 14, the image display apparatus of the ninth embodiment includes the char- 
acteristics detection part 11, the control data generation part 12, the input signal processing part 13, a light adjustment 
control signal operation part 95, the light source control part 16, and the passive light modulation part 17. The passive 
light modulation part 17 includes the light source 18, which is a fluorescence lamp. 

[0170] As shown in FIG. 1 4, the image display apparatus of the ninth embodiment is provided with the light adjustment 
control signal operation part 95 in addition to the image display apparatus of the first embodiment. Other components 
of the image display apparatus of the ninth embodiment are identical to those of the first embodiment, and are thus 
given the same reference numerals and not described again. 

[0171] Hereinafter, by further referring to FIG. 15 to FIG. 19, the components and operation (image display method) 
of the image display apparatus of the ninth embodiment of the present invention are described focusing on the com- 
ponent differ from the image display apparatus of the first embodiment. 

[0172] The light adjustment control signal operation part 95 receives Offset (hereinafter, referred to as light adjust- 
ment control data) outputted by the control data generation part 12 as shown in FIG. 16, and separately receives 
reference light adjustment control data indicating the predetermined lamp tube current i 0 at which the light-emitting 
efficiency of the light source 18 reaches maximum. Based on the reference light adjustment control data, the light 
adjustment control signal operation part 95 generates and outputs another light adjustment control data. With the 
another light adjustment control data, the lamp tube current i of the light source 18 is controlled only for components 
in the light adjustment control data that vary within a predetermined period. 

[0173] FIG. 15 is an exemplary block diagram showing the detailed structure of the light adjustment control signal 
operation part 95 of FIG. 14. In FIG. 15, the light adjustment control signal operation part 95 includes a high-pass filter 
(hereinafter, referred to as HPF) 96 and an addition part 97. Now, by further referring to FIG. 1 5, an example of specific 
operation of the light adjustment control signal operation part 95 is described. 

[0174] The HPF 96 is a high-pass filter that has been generally used and having a time constant t, and among the 
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light adjustment control data outputted by the control data generation part 12, passes only AC components that vary 
within the time constant x. The time constant x is determined depending on the characteristics of lamp temperature 
when rises/falls in response to increment/decrement of the lamp tube current i of the light source 18 (will be described 
later) . For example, when the time constant x being set as 10 seconds, only the light adjustment control data that 
varies within 10 seconds passes through the HPF96. In FIG. 17, shown is a waveform of AC component light adjustment 
control data which is obtained after the light adjustment control data of FIG. 1 6 has passed through the HPF 96. Further, 
in FIG. 18, the structures of the HPF 96 are exemplarily shown in more detail. The HPF 96 is exemplarily structured 
with a digital circuit in (a) of FIG. 1 8 and with an analog circuit in (b) of FIG. 1 8. As these circuits have been conventionally 
used in general, detailed description is not made herein. 

[0175] The addition part 97 receives the reference light adjustment control data separately provided thereto and the 
AC component light adjustment control data outputted by the HPF 96, and adds both for output. Accordingly, the light 
adjustment control signal operation part 95 is able to generate another light adjustment control data. With the another 
light adjustment control data, adjustment of the light source 1 8 is performed in such a manner that, while the lamp tube 
current i 0 is regarded as a control reference value, the lamp tube current i is increased or decreased following the 
brightness variation that occurs within the time constant x, and is brought back to the lamp tube current i 0 as being the 
control reference value for the brightness variation that occurs at a time exceeding the time constant x (FIG. 17). 
[0176] Here, the time constant x of the HPF 96 is set as a time period that the increment/decrement of the lamp tube 
current i of the light source 18 hardly affects the rise/fall of the lamp temperature, that is, a time period in which the 
response characteristic of temperature variation is unsatisfied (bad). As a result, for the brightness variation within the 
short time period that cannot be caught up by the lamp temperature variation, the light adjustment control signal op- 
eration part 95 enables control that is reflected in light adjustment by making the lamp tube current i vary in accordance 
with such brightness variation. For the brightness variation lasting for the long time period that causes the lamp tem- 
perature variation, the light adjustment control signal operation part 95 enables such control as to always keep the 
lamp temperature in the range in the vicinity of the characteristic at which the light-emitting efficiency reaches maximum 
(optimum temperature), by making the lamp tube current i to be brought back to the current i 0 being the control reference 
value, after the variation exceeds the time constant x. 

[0177] Accordingly, the light adjustment control signal operation part 95 is capable of having the intensity of the light 
source 18 adjusted in a dynamic manner under the condition that the light-emitting efficiency thereof always being 
maximum. FIG. 19 is a diagram exemplarily showing a characteristic of lamp tube current to brightness of the general 
fluorescence lamp in the image display apparatus according to the ninth embodiment of the present invention. In FIG. 
19, a solid line shows the characteristic in the image display apparatus of the present embodiment and a dotted line 
shows the characteristic in the conventional image display apparatus (liquid crystal display apparatus) as shown in 
FIG. 29. 

[0178) The light source control part 16, in accordance with the another light adjustment control data outputted by the 
light adjustment control signal operation part 95 (in the example of FIG. 15, added and outputted by the addition part 
97), controls the value of the lamp tube current i of the light source 18, thereby dynamically controlling the light adjust- 
ment of the light source 18. 

[0179] As described in the foregoing, according to the image display apparatus and method of the ninth embodiment 
of the present invention, in addition to the control described in the first embodiment, such control that the lamp tube 
current i becomes (being brought back to) the current i 0 being the control reference value is carried out based on the 
predetermined time constant x for the brightness variation that causes the lamp temperature variation exceeding the 
characteristic range in which the light-emitting efficiency of the light source 18 reaches maximum. 
[0180] As a result, the image display apparatus and method of the ninth embodiment are capable of controlling the 
lamp temperature to be always optimum, and dynamically adjusting the intensity of the light source 18 under the con- 
dition that the light-emitting efficiency thereof always being maximum. Accordingly, the image display apparatus and 
method of the ninth embodiment are capable of improving the efficiency of light adjustment to a greater extent than 
ever although the effect of visual improvement in a sense of contrast, which was described in the first embodiment, is 
more or less reduced. 

(Tenth Embodiment) 

[0181] In the ninth embodiment above, the current Iq at which the light-emitting efficiency of the light source 18 
reaches maximum is regarded as the control reference value, and control is so carried out that the lamp tube current 
i becomes the control reference value for a specific brightness variation. When the image display apparatus is actually 
commercialized as a product, however, the temperature of the light source 18 may rise due to heat radiation by itself 
and by circuitry components inside the apparatus. In such case, with the rise in the temperature of the light source 18, 
the current i 0 at which the light-emitting efficiency reaches maximum is shifted to the lower value in actual. Therefore, 
in some cases, the control reference value is required to be set at a value equal to or more than the current \q in order 
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to secure the brightness required as a product (hereinafter, referred to as standard brightness). 
[01 82] In those cases, as to the lamp tube current i equal to or more than a current value set as the control reference 
value to secure the standard brightness (hereinafter, referred to as current i SXD ), the control described in the ninth 
embodiment, if performed, is able to achieve the effect of dynamically and efficiently adjusting brightness while securing 
the required standard brightness. As to the lamp tube current i less than the current i STD , however, the control described 
in the ninth embodiment, if performed, disadvantageously results in reduction of the efficiency (this is because, with 
respect to every specific brightness variation, the lamp tube current i is controlled to become the current i STD higher 
than the current i 0 at which the light-emitting efficiency reaches maximum). Therefore, in the tenth embodiment, de- 
scribed is an image display apparatus capable of dynamically and efficiently adjusting brightness even in the cases 
described above. 

[0183J FIG. 20 is a block diagram showing the structure of an image display apparatus according to the tenth em- 
bodiment of the present invention. In FIG. 20, the image display apparatus of the tenth embodiment includes the 
characteristics detection part 11, the control data generation part 12, the input signal processing part 13, a light ad- 
justment control signal operation part 105, the light source control part 16, and the passive light modulation part 17. 
The passive light modulation part 17 includes the light source 18, which is a fluorescence lamp. 
[01 84] As shown in FIG. 20, the image display apparatus of the tenth embodiment is provided with the light adjustment 
control signal operation part 105 in place of the light adjustment control signal operation part 95 of the image display 
apparatus according to the ninth embodiment. Other components of the image display apparatus of the tenth embod- 
iment are identical to those of the ninth embodiment, and are thus given the same reference numerals and not described 
again. 

[0185] Now, by further referring to FIG. 21 to FIG. 23, the components and operation (image display method) of the 
image display apparatus of the tenth embodiment of the present invention are described focusing on the differences 
between the image display apparatus according to the ninth embodiment. 

[0186] FIG. 21 is an exemplary block diagram showing the detailed structure of the light adjustment control signal 
operation part 105 of FIG. 20. In FIG. 21, the light adjustment control signal operation part 105 includes a slicer 106, 
a low-pass filter (hereinafter, referred to as LPF) 107, and a subtraction part 108. 

[0187] Light adjustment control data outputted by the control data generation part 12 is supplied to the slicer 106 
and the subtraction part 108. The slicer 106 receives, as well as the light adjustment control data, the current i STD set 
in advance, as reference light adjustment control data, to secure the required standard brightness, and the current i 0 
at which the light-emitting efficiency of the light source 18 reaches maximum. Then, according to the following equa- 
tions, the slicer 106 converts received light adjustment control data X into variation difference data Y for output. 

Y = X - i STD (X > i STD ) 

Y = 0 (i 0 ^ X ^ i STD ) 

Y = X - i 0 (X < i 0 ) 

[0188] An input/output characteristic of the slicer 106 is shown in FIG. 22. When the light adjustment control data X 
shown in (a) of FIG. 23 is supplied, the slicer 106 outputs the variation difference data Y of a waveform shown in (b) 
of FIG. 23. 

[0189] The LPF 107 is a low-pass filter that has been generally used and having a time constant x, and among the 
variation difference data Y outputted by the slicer 106, passes only signal components (both AC and DC components) 
that vary for the long time period exceeding the time constant x. Similarly to the HPF 96 described in the ninth embod- 
iment, the time constant x is determined depending on the characteristics of lamp temperature when rises/falls in 
response to increment/decrement of the lamp tube current i of the light source 18. Accordingly, when the variation 
difference data Y shown in (b) of FIG. 23 is supplied, the LPF 1 07 outputs variation component light adjustment control 
data L of a waveform as shown in (c) of FIG. 23. 

[0190] The subtraction part 108 receives the light adjustment control data X and the variation component light ad- 
justment control data L, and subtracts the variation component light adjustment control data L from the light control 
data X to output another light adjustment control data Z ((d) of FIG. 23 ). 

[0191] As a result, for the brightness variation that occurs within the time constant x, the light adjustment control 
signal operation part 105 enables light adjustment of the light source 18 by increasing or decreasing the lamp tube 
current i so as to follow the variation. For the brightness variation that occurs at a time exceeding the time constant x, 
the light adjustment control signal operation part 105 enables such control as to bring back the lamp tube current i to 
the current i ST0 being the control reference value for the standard brightness (upper control reference value) , if the 
lamp tube current i corresponding to the variation is equal to or more than the current i STD , and if the lamp tube current 
i is equal to or less than the current the current i 0 , bring back the lamp tube current i to the current i 0 being the control 
reference value for the maximum light-emitting efficiency (lower control reference value). 

[0192] As described in the foregoing, according to the image display apparatus and method of the tenth embodiment 
of the present invention, in addition to the control described in the first embodiment, another control is carried out for 
the case where the control reference value is required to be set at a value equal to or more than the current \q at which 
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the light-emitting efficiency of the light source 18 reaches maximum. Such control is carried out, based on the prede- 
termined time constant x, so that the lamp tube current i used for light adjustment becomes (being brought back to) 
the current i STD being the upper control reference value for the specific brightness variation where the lamp tube current 
i being equal to or more than the current i STD> and for the specific brightness variation where the lamp tube current i 
being equal to or less than the current i 0 , that the lamp tube current i used for light adjustment becomes (being brought 
back to) the current i 0 being the lower control reference value. 

[0193] As a result, the image display apparatus and method of the tenth embodiment are capable of dynamically 
adjusting the light intensity for the specific brightness variation where the lamp tube current i being equal to or more 
than the current i STD while securing the required standard brightness, and for the specific brightness variation where 
the lamp tube current i being equal to or less than the current i 0 , capable of dynamically adjusting the light intensity 
under the condition that the light-emitting efficiency being maximum. Accordingly, the image display apparatus and 
method of the tenth embodiment are capable of improving the efficiency of light adjustment to a greater extent than 
ever although the effect of visual improvement in a sense of contrast, which was described in the first embodiment, is 
more or less reduced. 

[0194] In the tenth embodiment, the image display apparatus is described to control the lamp tube current i used for 
light adjustment to become the current i 0 even for the specific brightness variation where the lamp tube current i being 
equal to or less than the current i 0 being the lower control reference value. However, even if a user intentionally wants 
a dim screen in total appearance (if light adjustment is performed manually (contrast adjustment etc.) , for example) ) , 
the control described above, if performed, makes the black level look not as it should be in total appearance, thereby 
disturbing the screen to look dim. 

[0195] Therefore, for such case that the user wants a dim screen in total appearance, the image display apparatus 
may refrain from control for the specific brightness variation where the lamp tube current i being not more than the 
current i 0 , or may lower the current i 0 being the control reference value and carry out control so that the lamp tube 
current i becomes the lowered current value. In the former case, the slicer 1 26 is set to convert, for output, the received 
light adjustment control data X into the variation difference data Y according to the following equations. 

Y = X - i STD (X > i STD ) 

Y = 0 (XS i S To) 

[0196] An input/output characteristic of the slicer 106 in this case is shown in (a) of FIG. 24, and in (b) of FIG. 24, 
shown is a wave form of the light adjustment control data Z outputted by the subtraction part 108 when receiving the 
light adjustment control data X shown in (a) of FIG. 23. 

[0197] In the tenth embodiment, the upper control reference value i STD is assumed to be the light adjustment control 
data for the standard brightness, but it may be light adjustment control data for an average lamp tube current determined 
based on the lamp life required as a product. 

(Eleventh Embodiment) 

[0198] In the tenth embodiment above, it is stated that, when the image display apparatus is actually commercialized 
as a product, the temperature of the light source 18 may rise due to heat radiation by itself and by circuitry components 
inside the apparatus. Variation of environmental temperature is considered as another cause of the temperature var- 
iation of the light source 18, and with such variation of the environmental temperature, the temperature around the 
light source 18 varies by time. Due to this, depending on the environmental temperature, the current i 0 previously set 
as the control reference value may not be a current value at which the light-emitting efficiency of the light source 18 
reaches maximum. Therefore, in an eleventh embodiment, described is an image display apparatus capable of always 
adjusting brightness under the maximum light-emitting efficiency even in the case described above. 
[0199] FIG. 25 is a block diagram showing the structure of an image display apparatus according to the eleventh 
embodiment of the present invention. In FIG. 25, the image display apparatus of the eleventh embodiment includes 
the characteristics detection part 11 , the control data generation part 12, the input signal processing part 13, the light 
adjustment control signal operation part 95 (or 105), a reference light adjustment control data operation part 118, a 
sensor 119, the light source control part 1 6, and the passive light modulation part 17. The passive light modulation part 
17 includes the light source 18, which is a fluorescence lamp. 

[0200] As shown in FIG. 25, the image display apparatus of the eleventh embodiment is provided with the reference 
light adjustment control signal operation part 118 and the sensor 119 in addition to the image display apparatus ac- 
cording to the ninth or the tenth embodiment. Other components of the image display apparatus of the eleventh em- 
bodiment are identical to those of the ninth and the tenth embodiments, and are thus given the same reference numerals 
and not described again. 

[0201] Now, the components and operation (image display method) of the image display apparatus according to the 
eleventh embodiment of the present invention are described focusing on the differences between the image display 
apparatus according to the ninth and the tenth embodiments. 
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[0202] The sensor 119 is a general sensor for detecting a physical amount of temperature, light, and the like, and 
outputting the result, and is placed in proximity of the light source 18. if the sensor 119 is a temperature sensor, it 
detects the temperature therearound (i.e., proximity of the light source 18) , and outputs the detection result to the 
reference light adjustment control data operation part 1 1 8. If the sensor 1 1 9 is an optical sensor, it detects a light amount 
of the light source 18, and outputs the detection result to the reference light adjustment control data operation part 118. 
[0203] Based on the detection result outputted by the sensor 119, the reference light adjustment control data oper- 
ation part 118 calculates the lamp tube current i 0 at which the light-emitting efficiency of the light source 18 reaches 
maximum, and supplies the same to the light adjustment control signal operation part 95 (or 105) as reference light 
adjustment control data. Herein, if the detection result is a temperature, the reference light adjustment control data 
operation part 1 1 8 calculates the lamp tube current i 0 at which the light-emitting efficiency of the light source 1 8 reaches 
maximum in accordance with the characteristic of lamp tube current to lamp temperature (see FIG. 28). If the detection 
result is a light amount, the reference light adjustment control data operation part 118 calculates the lamp tube current 
i 0 at which the light-emitting efficiency of the light source 1 8 reaches maximum by computing the light-emitting efficiency 
based on a ratio between the light amount and the lamp tube current. 

[0204] As described in the foregoing, according to the image display apparatus and method of the eleventh embod- 
iment of the present invention, in addition to the control described in the ninth and the tenth embodiments, the sensor 
119 is provided in proximity of the light source 18, and in accordance with the detection result from the sensor 119, the 
lamp tube current i 0 at which the light-emitting efficiency of the light source 18 reaches maximum is calculated. 
[0205] As a result, in addition to the effects described in the ninth and the tenth embodiments, the image display 
apparatus and method of the eleventh embodiment is capable of always dynamically adjusting light intensity under the 
condition that the light-emitting efficiency of the light source 18 being maximum, without affected by the environmental 
temperature when in use. 

(Twelfth Embodiment) 

[0206] In the ninth to the eleventh embodiments above, described are the image display apparatuses and the image 
display methods including a technique of dynamically and optimally adjusting intensity of the light source according to 
an input video signal by utilizing a range in the vicinity of a characteristic at which the light-emitting efficiency of the 
light source reaches maximum. Such technique is included in addition to a technique of visually improving a sense of 
contrast without increasing power consumption of the light source by carrying out contrast adjustment and brightness 
adjustment of the light source to have correlation. However, it is also possible to solely apply, to an input video signal, 
the technique of dynamically and optimally adjusting the intensity of the light source according to the input video signal 
by utilizing a range in the vicinity of a characteristic at which the light-emitting efficiency of the light source reaches 
maximum. Therefore, in a twelfth embodiment of the present invention, described is an image display apparatus and 
an image display method capable of, in a solely applied manner to an input video signal, dynamically and optimally 
adjusting the intensity of the light source according to an input video signal by utilizing a range in the vicinity of a 
characteristic at which the light-emitting efficiency of the light source reaches maximum. 

[0207] FIG. 26 is a block diagram showing the structure of an image display apparatus according to the twelfth 
embodiment of the present invention. In FIG. 26, the image display apparatus of the twelfth embodiment includes a 
characteristics detection part 121 , a control data generation part 122, a light adjustment control signal operation part 
123, a light source control part 126, and a passive light modulation part 127. The passive light modulation part 127 
includes a light source 128, which is a fluorescence lamp. 

[0208] A video signal which is outputted by a video signal processing circuit (not shown) in a television receiver, 
computer, or the like is supplied to the characteristics detection part 121 and the passive light modulation part 127. 
The passive light modulation part 127 displays the received video signal as a visible image by using light emitted by 
the light source 128. 

[0209] The characteristics detection part 121 is a component equivalent to the above described characteristics de- 
tection part 11 and detects the average luminance level (APL) of an input video signal. 

[021 0] The control data generation part 1 22 is a component equivalent to the above described control data generation 
part 12. The control data generation part 122 receives APL detected by the characteristics detection part 121, and 
based on a difference between APL and a predetermined reference brightness level, calculates light adjustment control 
data for controlling the light source 128. Here, the predetermined reference brightness level is a brightness level re- 
quiring no control on the light source 128, that is, a brightness level at which the lamp tube current i becomes the 
current i 0 . As described in the background art section, the current io is a current value at which the light-emitting effi- 
ciency of the light source 128 reaches maximum. Accordingly, based on a predetermined light adjustment control 
amount, the control data generation part 122 calculates the light adjustment control data so that the lamp tube current 
i of the light source 128 becomes larger than the current \q when APL is lower than the reference brightness level and 
that the lamp tube current i of the light source 128 becomes smaller than the current ^ when APL is higher than the 
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reference brightness level (see FIG. 16). 

[0211] The reference brightness level is not limited to a brightness level at which the lamp tube current i becomes 
the current i 0 , and the similar effect can be achieved with a brightness level at which the lamp tube current i becomes 
a value more than the current i 0 . 

[0212] The light adjustment control signal operation part 123 is equivalent to the above described light adjustment 
control signal operation part 95, 105, or those including the reference light adjustment control data operation part 118 
and the sensor 119. The light adjustment control signal operation part 123 receives the light adjustment control data 
outputted by the control data generation part 122, and based on the separately provided reference light adjustment 
control data indicating the predetermined lamp tube current i 0 at which the light-emitting efficiency of the light source 
128 reaches maximum, generates and outputs another light adjustment control data for controlling the value of the 
lamp tube current i of the light source 1 28 only for components, among the received light adjustment control data, that 
vary within a predetermined period. 

[0213] In accordance with the another light adjustment control data outputted by the light adjustment control signal 
operation part 95 (or 105), the light source control part 126 controls the value of the lamp tube current i of the light 
source 128, thereby dynamically controlling the light adjustment of the light source 128. 

[0214] As described in the foregoing, according to the image display apparatus and method of the twelfth embodiment 
of the present invention, it is possible to apply, for control with respect to an input signal, only the technique of dynam- 
ically and optimally adjusting the intensity of the light source according to an input video signal by utilizing a range in 
the vicinity of a characteristic at which the light-emitting efficiency of the light source reaches maximum, which is 
described in the ninth to the eleventh embodiments. 

[0215] In the twelfth embodiment, it is described that the lamp tube current i used for light adjustment is controlled 
to become the current i 0 even for the specific brightness variation where the lamp tube current i being not more than 
the current i 0 being the control reference value. However, even if a user intentionally wants a dim screen in total ap- 
pearance, the control described above, if performed, makes the black level look not as it should be in total appearance, 
thereby disturbing the screen to look dim. Therefore, for such case that the user wants a dim screen in total appearance, 
the image display apparatus may refrain from control for the specific brightness variation where the lamp tube current 
i being not more than the current i 0 , or may lower the current i 0 being the control reference value and carry out control 
so that the lamp tube current i becomes the current value lower than the current iQ. 

[0216] In the twelfth embodiment, the reference light adjustment control data is assumed to be the light adjustment 
control data for the lamp tube current at which the light-emitting efficiency of the light source reaches maximum, but it 
may be the light adjustment control data for an optimal lamp tube current determined based on the lamp life and 
brightness required as a product. 

[0217] Further, in the twelfth embodiment, described is the case that light adjustment control of the light source 128 
is carried out based on the average brightness level (APL) of an input video signal. Alternatively, it is also possible to 
carry out light adjustment control of the light source 128 based on the maximum brightness level, minimum brightness 
level, or combination of those with the average brightness level of the video signal. 

[0218] Still further, in the ninth to the twelfth embodiments, the description is made on the assumption that the light 
source 18 (or 128) is exemplarily a fluorescence lamp, but the light source in other forms of lamp may be used as well. 

INDUSTRIAL APPLICABILITY 

[0219] As described, the image display apparatus and the image display method of the present invention can be 
utilized for a purpose of, when dynamically adjusting contrast and light source brightness according to an input video 
signal, visually improving a sense of contrast without increasing the power consumption of the light source by correlating 
contrast adjustment with the light source brightness adjustment, for a purpose of dynamically and optimally adjusting 
the intensity of the light source according to an input video signal by utilizing a range in the vicinity of a characteristic 
at which the light-emitting efficiency of the light source reaches maximum, and further, for a purpose of dynamically 
and optically adjusting the intensity of the light source according to an input video signal while securing the life of the 
light source required as a product. 



Claims 

1. An image display apparatus displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the apparatus comprising: 

an amplitude adjustment part dynamically adjusting an amplitude of said video signal to become a predeter- 
mined amplitude value; and 
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a light source brightness adjustment part adjusting brightness of said light source according to amplitude 
adjustment by said amplitude adjustment part so that the image displayed on said passive light modulation 
part based on said video signal after amplitude adjustment does not vary visually from a predetermined level. 

The image display apparatus according to claim 1, wherein 

said predetermined level is an average brightness level of each frame in said video signal to be inputted. 

An image display apparatus displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the apparatus comprising: 

a characteristics detection part receiving said video signal and detecting a maximum brightness level (here- 
inafter, referred to as MAX), a minimum brightness level (hereinafter, referred to as MIN) , and an average 
brightness level (hereinafter, referred to as APL) of the video signal; 

a control data generation part receiving said MAX, MIN, and APL, and generating signal control data indicating 
an instruction for amplification and light source control data for making said light source light at intensity that 
an average brightness level of the image displayed on said passive light modulation part based on said video 
signal after amplification becomes equivalent to said APL; 

a signal control part receiving said video signal and said signal control data, and amplifying the maximum 
amplitude of said video signal (a difference between said MAX and MIN) to a width of a dynamic range in 
accordance with the signal control data; and 

a light source control part receiving said light source control data and controlling brightness of said light source 
in accordance with the light source control data. 

An image display apparatus displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the apparatus comprising: 

a characteristics detection part receiving said video signal and detecting a maximum brightness level (here- 
inafter, referred to as MAX), a minimum brightness level (hereinafter, referred to as MIN), and an average 
brightness level (hereinafter, referred to as APL) of the video signal; 

a control data generation part receiving said MAX, MIN, and APL, and generating a gain for amplifying the 
maximum amplitude of said video signal (a difference between said MAX and MIN) to a width of an output 
dynamic range of a DC level adjustment part and an offset indicating an amount for shifting a DC level so that 
said video signal after amplified by a signal amplitude adjustment part falls within the output dynamic range; 
said signal amplitude adjustment part receiving said video signal, APL and jgain, and amplifies the video signal 
with reference to the APL and in accordance with the gain; 

the DC level adjustment part receiving said video signal after amplification outputted by said signal amplitude 
adjustment part and said offset, and shifting the DC level of the video signal after amplification in accordance 
with a value of the offset for output to said passive light modulation part; and 

a light source control part receiving said offset and controlling light source brightness accordance with the 
offset for making said light source light at intensity that an average brightness level of the image displayed on 
said passive light modulation part based on the video signal outputted by said DC level adjustment part be- 
comes equivalent to said APL. 

The image display apparatus according to claim 4, further comprising: 

when said video signal is previously subjected to gamma correction processing, 

a reverse gamma correction processing part receiving the video signal to be outputted to said passive light 
modulation part and carrying out reverse gamma correction processing that compensates said gamma cor- 
rection processing previously applied for output to said passive light modulation part; and 
a gamma control data generation part receiving said offset, and applying, to the offset, the reverse gamma 
correction processing which is identical to that applied by said reverse gamma correction processing part for 
output to said light source control part. 

The image display apparatus according to claim 3, wherein 

said control data generation part compares newly received said APL with said APL of the previous processing 
to further determine a level difference therebetween, and generates said signal control data and said light source 
control data by adapting control data in a range between that calculated in the previous processing and that cal- 
culated based on the MAX and the MIN of this time in a variable manner according to a variation of the level 
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difference from the minimum value to the maximum value. 

7. The image display apparatus according to claim 3, wherein 

said control data generation part further determines whether a level difference between said MAX and said 
MIN is smaller than a predetermined value, and if determines that the level difference is smaller than the prede- 
termined value, generates said signal control data and said light source control data by adapting control data in a 
range between that for a value without amplitude adjustment and light source brightness adjustment and that 
calculated based on said MAX and said MIN in a variable manner according to a variation of the level difference 
from the minimum value to the predetermined value. 

8. An image display apparatus displaying two video signals to be inputted at a time on a passive light modulation 
part including a light source as images, the apparatus comprising: 

a characteristics detection part receiving any one of said video signals being a target for adjustment (herein- 
after, referred to as main video signal), and detecting a maximum brightness level (hereinafter, referred to as 
MAX), a minimum brightness level (hereinafter, referred to as MIN) , and an average brightness level (here- 
inafter, referred to as APL) of the main video signal; 

a control data generation part receiving said MAX, MIN, and APL, and generating signal control data indicating 
an instruction for amplification and light source control data for making said light source light at intensity that 
an average brightness level of the image displayed on said passive light modulation part based on said video 
signal after amplification becomes equivalent to said APL; 

a signal control part receiving said main video signal and said signal control data, and amplifying the maximum 
amplitude of said main video signal (a difference between said MAX and MIN) to a width of a dynamic range 
in accordance with the signal control data; 

a light source control part receiving said light source control data and controlling brightness of said light source 
in accordance with the light source control data; 

a sub-signal amplitude adjustment part receiving said light source control data, and amplifying or attenuating 
an amplitude of any one of said video signals other than the target for adjustment (hereinafter, referred to as 
sub-video signal) according to the light source control data so that the effect of light source brightness adjust- 
ment applied to said main video signal is canceled for the sub-video signal; and 

an output switching part receiving the video signal outputted by said signal control part and the video signal 
outputted by said sub-signal amplitude adjustment part, and selectively switching between the video signals 
in accordance with a timing of a switch signal supplied externally for output to said passive light modulation part. 

9. An image display apparatus displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the apparatus comprising: 

a characteristics detection part receiving said video signal and calculates characteristic data corresponding 
to a characteristic amount of the video signal; 

a light adjustment control part receiving said characteristic data, and calculating light adjustment control data 
for controlling said light source in accordance with a difference between predetermined reference data and 
the characteristic data; 

a light adjustment control signal operation part generating and outputting, based on reference light adjustment 
control data indicating a predetermined drive current at which the light-emitting efficiency of said light source 
reaches maximum, another light adjustment control data used for controlling a value of the drive current of 
said light source to converge on the reference light adjustment control data only with respect to components 
that vary within a predetermined time period among said light adjustment control data; and 
a light source control part dynamically controlling adjustment of intensity of said light source by controlling the 
value of the drive current of said light source in accordance with said another light adjustment control data. 

10. The image display apparatus according to claim 9, wherein 

said light adjustment control signal operation part comprises: 

a high-pass filter that passes only AC components that vary within a time period of a predetermined time 
constant among said light adjustment control data; and 

an addition part receiving said reference light adjustment control data and AC component light adjustment 
control data outputted by said high-pass filter, and adding the both to output said another light adjustment 
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control data, and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
light source. 

11. The image display apparatus according to claim 9, further comprising: 

a sensor part for detecting a physical amount of a vicinity of said light source; and 

a reference light adjustment control data operation part dynamically varying a value of said reference light 
adjustment control data to be given to said light adjustment control signal operation part so that the light- 
emitting efficiency of said light source always becomes maximum according to the result detected by said 
sensor part. 

12. The image display apparatus according to claim 10, further comprising: 

a sensor part for detecting a physical amount of a vicinity of said light source; and 

a reference light adjustment control data operation part dynamically varying a value of said reference light 
adjustment control data to be given to said light adjustment control signal operation part so that the light- 
emitting efficiency of said light source always becomes maximum according to the result detected by said 
sensor part. 

13. An image display apparatus displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the apparatus comprising: 

a characteristics detection part receiving said video signal and calculates characteristic data corresponding 
to a characteristic amount of the video signal; 

a light adjustment control part receiving said characteristic data, and calculating light adjustment control data 
for controlling said light source in accordance with a difference between predetermined reference data and 
the characteristic data; 

a light adjustment control signal operation part generating and outputting, based on reference light adjustment 
control data indicating a predetermined drive current at which the light-emitting efficiency of said light source 
reaches maximum and/or standard light adjustment control data, another light adjustment control data used 
for controlling a value of the drive current of said light source to converge on the reference light adjustment 
control data and/or the standard light adjustment control data only with respect to components that vary within 
a predetermined time period among said light adjustment control data; and 

a light source control part dynamically controlling adjustment of intensity of said light source by controlling the 
value of the drive current of said light source in accordance with said another light adjustment control data. 

14. The image display apparatus according to claim 13, wherein 

said standard light adjustment control data is the light adjustment control data indicating the drive current 
set in advance to secure standard brightness. 

15. The image display apparatus according to claim 13, wherein 

said standard light adjustment control data is the light adjustment control data indicating an average drive 
current set in advance to secure a lamp life. 

16. The image display apparatus according to claim 14, wherein 

said light adjustment control signal operation part comprises: 

a slice part receiving said light adjustment control data, and also said standard light adjustment control 
data and said reference light adjustment control data, and outputting, when the light adjustment control 
data is not less than the standard light adjustment control data, a data difference therebetween, when the 
light adjustment control data is not more than the reference light adjustment control data, a data difference 
therebetween, and otherwise, a data difference of zero; 

a low-pass filter that passes only signal components that vary for a time period exceeding a predetermined 
time constant among variation difference data outputted by said slice part; and 
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a subtraction part receiving said light adjustment control data and variation component light adjustment 
control data outputted by said low-pass filter, and subtracting the variation component light adjustment 
control data from the light adjustment control data to output said another light adjustment control data, and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
light source. 

17. The image display apparatus according to claim 15, wherein 

said light adjustment control signal operation part comprises: 

a slice part receiving said light adjustment control data, and also said standard light adjustment control 
data and said reference light adjustment control data, and outputting, when the light adjustment control 
data is not less than the standard light adjustment control data, a data difference therebetween, when the 
light adjustment control data is not more than the reference light adjustment control data, a data difference 
therebetween, and otherwise, a data difference of zero; 

a low-pass filter that passes only signal components that vary for a time period exceeding a predetermined 
time constant among variation difference data outputted by said slice part; and 

a subtraction part receiving said light adjustment control data and variation component light adjustment 
control data outputted by said low-pass filter, and subtracting the variation component light adjustment 
control data from the light adjustment control data to output said another light adjustment control data, and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
light source. 

18. The image display apparatus according to claim 14, wherein 

said light adjustment control signal operation part comprises: 

a slice part receiving said light adjustment control data and also said standard light adjustment control 
data, and outputting, when the light adjustment control data is not less than the standard light adjustment 
control data, a data difference therebetween, and otherwise, a data difference of zero; 
a low-pass filter that passes only signal components that vary for a time period exceeding a predetermined 
time constant among variation difference data outputted by said slice part; and 

a subtraction part receiving said light adjustment control data and variation component light adjustment 
control data outputted by said low-pass filter, and subtracting the variation component light adjustment 
control data from the light adjustment control data to output said another light adjustment control data, and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
light source. 

19. The image display apparatus according to claim 15, wherein 

said light adjustment control signal operation part comprises: 

a slice part receiving said light adjustment control data and also said standard light adjustment control 
data, and outputting, when the light adjustment control data is not less than the standard light adjustment 
control data, a data difference therebetween, and otherwise, a data difference of zero; 
a low-pass filter that passes only signal components that vary for a time period exceeding a predetermined 
time constant among variation difference data outputted by said lice part; and 

a subtraction part receiving said light adjustment control data and variation component light adjustment 
control data outputted by said low-pass filter, and subtracting the variation component light adjustment 
control data from the light adjustment control data to output said another light adjustment control data, and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
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variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
light source. 

An image display apparatus displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the apparatus comprising: 

a characteristics detection part receiving said video signal and detecting a maximum brightness level (here- 
inafter, referred to as MAX), a minimum brightness level (hereinafter, referred to as MIN) , and an average 
brightness level (hereinafter, referred to as APL) of the video signal; 

a control data generation part receiving said MAX, MIN, and APL, and generating signal control data indicating 
an instruction for amplification and light source control data for making said light source light at intensity that 
an average brightness level of the image displayed on said passive light modulation part based on said video 
signal after amplification becomes equivalent to said APL; 

a signal control part receiving said video signal and said signal control data, and amplifying the maximum 
amplitude of said video signal (a difference between said MAX and MIN) to a width of a dynamic range in 
accordance with the signal control data; 

a light adjustment control signal operation part generating and outputting, based on reference light adjustment 
control data indicating a predetermined drive current at which the light-emitting efficiency of said light source 
reaches maximum, another light source control data used for controlling a value of the drive current of said 
light source to converge on the reference light adjustment control data only with respect to components that 
vary within a predetermined time period among said light source control data; and 

a light source control part receiving said another light source control data, and dynamically controlling bright- 
ness of said light source by controlling the value of the drive current of said light source in accordance with 
said another light adjustment control data. 

An image display method of displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the method comprising: 

a step of dynamically adjusting an amplitude of said video signal to become a predetermined amplitude value; 
and 

a step of adjusting brightness of said light source according to amplitude adjustment so that the image dis- 
played on said passive light modulation part based on said video signal after amplitude adjustment does not 
vary visually from a predetermined level. 

The image display apparatus according to claim 21, wherein 

said predetermined level is an average brightness level of each frame in said video signal to be inputted. 

An image display method of displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the method comprising: 

a step of detecting a maximum brightness level (hereinafter, referred to as MAX), a minimum brightness level 
(hereinafter, referred to as MIN) , and an average brightness level (hereinafter, referred to as APL) of said 
video signal; 

a step of generating signal control data indicating an instruction for amplification and light source control data 
for making said light source light at intensity that an average brightness level of the image displayed on said 
passive light modulation part based on said video signal after amplification becomes equivalent to said APL; 
a step of amplifying the maximum amplitude of said video signal (a difference between said MAX and MIN) 
to a width of a dynamic range in accordance with said signal control data; and 
a step of controlling brightness of said light source in accordance with said light source control data. 

An image display method of displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the method comprising: 

a step of detecting a maximum brightness level (hereinafter, referred to as MAX), a minimum brightness level 
(hereinafter, referred to as MIN) , and an average brightness level (hereinafter, referred to as APL) of said 
video signal; 

a step of calculating a gain for amplifying the maximum amplitude of said video signal (a difference between 
said MAX and MIN) to a width of an output dynamic range acceptable at said photo-receptive optical modulation 
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and an offset indicating an amount for shifting a DC level so that said video signal after amplification falls within 
the output dynamic range; 

a step of amplifying the video signal with reference to said APL and in accordance with said gain; 
a step of shifting the DC level of said video signal after amplification in accordance with a value of said offset 
5 for output to said passive light modulation part; and 

a step of controlling light source brightness in accordance with said offset for making said light source light at 
intensity that an average brightness level of the image displayed on said passive light modulation part based 
on said video signal after amplification becomes equivalent to said APL. 

10 25. The image display apparatus according to claim 24, further comprising: 

when said video signal is previously subjected to gamma correction processing, 

a step of carrying out reverse gamma correction processing that compensates said gamma correction process- 
ing previously applied to said video signal and outputting the video signal after processing to said passive light 
*5 modulation part; and 

a step of applying, to said offset, the reverse gamma correction processing which is identical to that applied 
by said reverse gamma correction processing part and outputting the offset after processing to said step of 
controlling light source brightness. 

20 26. The image display apparatus according to claim 23, wherein 

in said generating step, newly received said APL is compared with said APL of the previous processing for 
further determination of a level difference therebetween, and said signal control data and said light source control 
data are generated by adapting control data in a range between that calculated in the previous processing and 
that calculated based on the MAX and the MIN of this time in a variable manner according to a variation of the 

25 level difference from the minimum value to the maximum value. 

27. The image display apparatus according to claim 23, wherein 

in said generating step, whether a level difference between said MAX and said MIN is smaller than a prede- 
termined value is further determined, and if determined that the level difference is smaller than the predetermined 
30 value, said signal control data and said light source control data are generated by adapting control data in a range 

between that for a value without amplitude adjustment and light source brightness adjustment and that calculated 
based on said MAX and said MIN in a variable manner according to a variation of the level difference from the 
minimum value to the predetermined value. 

35 28. An image display method of displaying two video signals to be inputted at a time on a passive light modulation 
part including a light source as images, the method comprising: 

a step of detecting a maximum brightness level (hereinafter, referred to as MAX), a minimum brightness level 
(hereinafter, referred to as MIN) , and an average brightness level (hereinafter, referred to as APL) of any one 
w of said video signals being a target for adjustment (hereinafter, referred to as main video signal) ; 

a step of generating signal control data indicating an instruction for amplification and light source control data 
for making said light source light at intensity that an average brightness level of the image displayed on said 
passive light modulation part based on said main video signal after amplification becomes equivalent to said 
APL; 

45 a step of amplifying the maximum amplitude of said main video signal (a difference between said MAX and 

MIN) to a width of a dynamic range in accordance with said signal control data; 
a step of controlling brightness of said light source in accordance with said light source control data; 
a step of amplifying or attenuating an amplitude of any one of said video signals other than the target for 
adjustment (hereinafter, referred to as sub-video signal) according to said light source control data so that the 

50 effect of light source brightness adjustment applied to said main video signal is canceled for the sub-video 

signal; and 

a step of selectively switching between said main video signal after amplification and said sub-video signal 
after amplification or attenuation in accordance with a timing of a switch signal supplied externally for output 
to said passive light modulation part. 
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29. An image display method of displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the method comprising: 



28 



EP 1 111 578 A1 



a step of calculating characteristic data corresponding to a characteristic amount of said video signal; 

a step of calculating light adjustment control data for controlling said light source in accordance with a difference 

between predetermined reference data and said characteristic data; 

a step of generating and outputting, based on reference light adjustment control data indicating a predeter- 
mined drive current at which the light-emitting efficiency of said light source reaches maximum, another light 
adjustment control data used for controlling a value of the drive current of said light source to converge on the 
reference light adjustment control data only with respect to components that vary within a predetermined time 
period among said light adjustment control data; and 

a step of dynamically controlling adjustment of intensity of said light source by controlling the value of the drive 
current of said light source in accordance with said another light adjustment control data. 

30. The image display apparatus according to claim 29, wherein 

said generating and outputting step comprises: 

a step of extracting only AC components that vary within a time period of a predetermined time constant 
among said light adjustment control data; and 

a step of adding said reference light adjustment control data and AC component light adjustment control 
data composed only of said AC components extracted to output said another light adjustment control data, 
and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
light source. 

31. The image display apparatus according to claim 29, further comprising: 

a step of detecting a physical amount of a vicinity of said light source; and 

a step of dynamically varying a value of said reference light adjustment control data to be given to said step 
of generating and outputting another light adjustment control data so that the light-emitting efficiency of said 
light source always becomes maximum according to the result detected in said detecting step. 

32. The image display apparatus according to claim 30, further comprising: 

a step of detecting a physical amount of a vicinity of said light source; and 

a step of dynamically varying a value of said reference light adjustment control data to be given to said step 
of generating and outputting another light adjustment control data so that the light-emitting efficiency of said 
light source always becomes maximum according to the result detected in said detecting step. 

33. An image display method of displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the method comprising: 

a step of calculating characteristic data corresponding to a characteristic amount of the video signal; 

a step of calculating light adjustment control data for controlling said light source in accordance with a difference 

between predetermined reference data and said characteristic data; 

a step of generating and outputting, based on reference light adjustment control data indicating a predeter- 
mined drive current at which the light-emitting efficiency of said light source reaches maximum and/or standard 
light adjustment control data, another light adjustment control data used for controlling a value of the drive 
current of said light source to converge on the reference light adjustment control data and/or the standard light 
adjustment control data only with respect to components that vary within a predetermined time period among 
said light adjustment control data; and 

a step of dynamically controlling adjustment of intensity of said light source by controlling the value of the drive 
current of said light source in accordance with said another light adjustment control data. 

34. The image display apparatus according to claim 33, wherein 

said standard light adjustment control data is the light adjustment control data indicating the drive current 
set in advance to secure standard brightness. 
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35. The image display apparatus according to claim 33, wherein 

said standard light adjustment control data is the light adjustment control data indicating an average drive 
current set in advance to secure a lamp life. 

5 36. The image display apparatus according to claim 34, wherein 

said generating and outputting step comprises: 

a step of outputting, when said light adjustment control data is not less than said standard light adjustment 
10 control data, a data difference therebetween, when said light adjustment control data is not more than 

said reference light adjustment control data, a data difference therebetween, and otherwise, a data dif- 
ference of zero; 

a step of extracting only signal components that vary for a time period exceeding a predetermined time 
constant among variation difference data outputted in said step of outputting the difference; and 
15 a step of subtracting variation component light adjustment control data composed only of said varying 

signal components extracted from said light adjustment control data to output said another light adjustment 
control data, and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
20 variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 

light source. 

37. The image display apparatus according to claim 35, wherein 

25 said generating and outputting step comprises: 

a step of outputting, when said light adjustment control data is not less than said standard light adjustment 
control data, a data difference therebetween, when said light adjustment control data is not more than 
said reference light adjustment control data, a data difference therebetween, and otherwise, a data dif- 

30 ference of zero; 

a step of extracting only signal components that vary for a time period exceeding a predetermined time 
constant among variation difference data outputted in said step of outputting the difference; and 
a step of subtracting variation component light adjustment control data composed only of said varying 
signal components extracted from said light adjustment control data to output said another light adjustment 

35 control data, and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
light source. 

40 

38. The image display apparatus according to claim 34, wherein 

said generating and outputting step comprises: 

45 a step of outputting, when said light adjustment control data is not less than said standard light adjustment 

control data, a data difference therebetween, and otherwise, a data difference of zero; 
a step of extracting only signal components that vary for a time period exceeding a predetermined time 
constant among variation difference data outputted in said step of outputting the difference; and 
a step of subtracting variation component light adjustment control data composed only of said varying 

50 signal components extracted from said light adjustment control data to output said another light adjustment 

control data, and 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
55 light source. 

39. The image display apparatus according to claim 35, wherein 
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said generating and outputting step comprises: 

a step of outputting, when said light adjustment control data is not less than said standard light adjustment 
control data, a data difference therebetween, and otherwise, a data difference of zero; 
5 a step of extracting only signal components that vary for a time period exceeding a predetermined time 

constant among variation difference data outputted in said step of outputting the difference; and 
a step of subtracting variation component light adjustment control data composed only of said varying 
signal components extracted from said light adjustment control data to output said another light adjustment 
control data, and 

10 

said time constant is set not to exceed a time period in which the response characteristic of temperature 
variation of said light source is unsatisfied with respect to increment/decrement of the drive current of said 
light source. 

15 40. An image display method of displaying a video signal to be inputted on a passive light modulation part including 
a light source as an image, the method comprising: 

a step of detecting a maximum brightness level (hereinafter, referred to as MAX), a minimum brightness level 
(hereinafter, referred to as MIN) , and an average brightness level (hereinafter, referred to as APL) of said 
20 video signal; 

a step of generating signal control data indicating an instruction for amplification and light source control data 
for making said light source light at intensity that an average brightness level of the image displayed on said 
passive light modulation part based on said video signal after amplification becomes equivalent to said APL; 
a step of amplifying the maximum amplitude of said video signal (a difference between said MAX and MIN) 

25 to a width of a dynamic range in accordance with said signal control data; 

a step of generating and outputting, based on reference light adjustment control data indicating a predeter- 
mined drive current at which the light-emitting efficiency of said light source reaches maximum, another light 
source control data used for controlling a value of the drive current of said light source to converge on the 
reference light adjustment control data only with respect to components that vary within a predetermined time 

30 period among said light source control data; and 

a step of dynamically controlling brightness of said light source by controlling the value of the drive current of 
said light source in accordance with said another light source control data. 
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